i=? 


WAR  DEPABTMENT  ::  OFFICE  OP  THE  SURGEON  GENERAL 


BULLETIN  No.  6 

AUGUST.  1914 


t 


THE  PROPHYLAXIS  OF  MALARIA 

WITH  SPECIAL  REFERENCE  TO 

THE  MILITARY  SERVICE 


BY 

CHARLES  F.  CRAIG 

Captain,  Medical  Corps,  U.  S.  Army 


WASHINGTON 
GOVERNMENT  PRINTING  OFFICS 

1914 


LIST  OP  BtJLtETINS. 

"WAR  DEPARTMENT  J  OFFICE  OF  THE  SURGEON  GENERAL. 

No.  1.  Photomicrogra-phs  of  Spirochetae,  Entamebae,  Plasmodia,  Trypanosomes, 

Leishmania,  Negri  Bodies  and  Parasitic  Helmintlia.    January,  1913. 
No.  2.  Papers  by  Officers  of  the  Medical  Corps,  U.  S.  Army,  read  before  tbe 

Fifteentb  International  Congress  of  Hygiene  and  Demography.    Janu- 

aiT,  1913. 
No.  3.  Studies  of  Syphilis,  by  Charles  F.  Craig,  Captain,  Medical  Corps,  U.  S. 

Army,  and  Henry  J.  ij^ichols,  Captain,  Medical  Corps,  U.  S.  Army,  with 

Introduction  by  Major  Frederick  F.  Bussell,  Medical  Corps,  U.   S. 

Army.     June,  1913. 
No.  4.  Disease-Bearing  Mosquitoes  of  North  and  Central  America,  the  West 

Indies,  and  the  Philippine  Island*,  by  C.  S.  Ludlow,  Ph.  D.,  Anatomist, 

Army  Medical  Museum.    Novembef,  1913. 
No.  5.  Mental  Disease  and  Defect  in  the  U.  S.  TrOops,  by  Captain  Edgar  King, 

Medical  Corps,  United  States  Ailny.    March,  1914. 


J^ 


WAR  DKPARTMENT  ::  OFFICE  OF  THE  SURGEON  GENERAL       ^  ^c  ^iifj 


BULLETIN  No:  6 

AUGUST,  1914 


*. 
%' 


I- 


THE  f  ROPHYLAXIS  OF  MALARIA 

WITJH   SPECIAL  fifEFERENCE  TO 

THE  MILITARY  SERVICE 


BY 

CHARLES  F.  CRAIG 

Captain,  Medical  Corps,  U.  S.  Army 


PUBLISHED  BY  AUTHOKITY  OF  THE  ACT  OF  CON- 
GRESS APPROVED  AUGUST  1,  1914,  AND  WITH 
THE  APPROVAL  OF  THE  SECRETARY  OF  WAR, 
FOR   THE   INFORMATION   OF    MEDICAL   OFFICERS 


WASHINGTON 
GOVERNMENT  PRINTING  OFFICE 

1914 


W^ 


.•^ '.'-.. 


// 


■  /,.<?' 


L 


PREFACE. 

In  the  sundry  civil  act  for  1014,  under  the  appropriation  for 
1  printin<i:  and  bindin<^  for  the  War  Department,  it  was  provided: 

That  the  8uin  of  $3,(KX),  or  so  muoh  thereof  as  may  be  necessary,  may  be 
i  used  for  the  publication  from  time  to  time  of  bulletins  ])repare(l  under  the 
I  direction  of  the  Sur^oon  Cieneral  of  the  Army,  for  the  infonnation  of  medical 
'  oHicers,  when  a|)i>ro\e(l  by  the  Secretary  of  War. 

(  Siniihir  provision  was  made  in  the  simdry  civil  act  for  191.">,  and 
it  is  hoped  that  this  appropriation  will  be  continued  from  year  to 
!  year  in  the  future.  It  is  intended  that  these  bulletins  shall  be  used 
tor  the  publication  to  the  Medical  Corps  of  the  special  technical 
>|  work  of  the  service  laboratories,  the  reports  of  the  boards  for  the 
I  study  of  tropical  diseases,  and  other  work  of  medical  officers  which 
ji  is  of  too  special  oi  technical  a  character  to  maJce  it  acceptable  for 
u  publication  in  the  medical  journals  and  the  Military  Surgeon. 

The   bulletin   w^ill   be   published,   if   possible,   at   least   quarterly. 

!'  Officers  of  the  corps  are  requested  to  submit  suitable  articles  to  this 

J  office  for  use  in  the  bulletin,  with  the  understan«ling  that  they  may 

I  be  published  elsewdiere  by  the  author  if  found  not  suitable  for  the 

bulletin. 

William  C.  Gorgas, 
Surgeon  General^  United  States  Army, 

September  24,  1913. 

ORDER. 

A  board  of  officers  of  the  Medical  Corps,  representing  the  Sanitary 
and  Statistical  Division  and  the  Library  of  the  Surgeon  General's 
Office  and  the  Laboratory  of  the  Army  Medical  School,  is  hereby 
convened  for  the  purpose  of  collecting  materials  and  arranging  for 
the  publication  of  the  bulletins  for  the  instruction  of  medical  officers 
.  authorized  by  the  act  approved  June  23,  1918. 

I     Detail  for  the  board  : 
Lieut.  Col.  Champe  C.  McCulloch,  jr. 
Maj.  William  J.  L.  Lyster. 
Maj.  Eugene  R.  Whitmore. 
By  order  of  the  Surgeon  General : 

Chas.  M.  Gandy, 
Lieutenant  Colonel^  Medical  Corps,  United  States  Army. 
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THE  PROPHYLAXIS  OF  MALARIA. 

INTRODUCTORY  REMARKS. 

The  discovery  by  Laveran  of  the  parasites  concerned  in  the  etiolog}' 
of  the  mahirial  fevers,  and  by  Ross  of  the  method  of  transmission  of 
1  these  parasites  from  man  to  man  by  the  mosfjuito,  has  phiced  the 
i  prophylaxis  of  these  infections  upon  a  firm  scientific  basis;  while  the 
'  discovery  of  cinchona  and  its  alkaloid,  (luinine.  placed  in  our  hands 
j  a  true  specific  against  the  parasites.  In  many  countries  these  dis- 
)  coveries  have  been  taken  advantage  of  in  extensive  campaigns  against 
.  malaria,  and  such  campaigns  have  been  successful  in  proportion  to 
the  thoroughness  with  which  measures  based  upon  etiological  facts 
i|  have  been  ai)plied  in  prophylaxis. 

In  this  bulletin,  j^repared   at  the  request  of  the  editorial  board 
ap})ointed  by  the  Surgeon  (Jeneral  of  the  Army,  special  stress  will  be 
.  laid  upcm  those  measures  that  are  most  applicable  in  the  prophylaxis 
f  of  malaria  in  the  military  service,  including  service  in  the  field  as 
P  well  as  in  semipermanent  camps  and  permanent  posts.     It  is  obvious 
that  methods  of  prophylaxis  that  would  l)e  suitable  in  a  permanent 
i  post  might  be  impracticable  upon  the  march,  in  bivouac,  anti  in 
camps  lasting  only  a  day  or  two,  so  that  it  will  be  necessary  to  con- 
,   sider  somewhat  in  extenso  the  prophylactic  measures  suitable  under 
the  special  conditions  brought  about  by  military  operations  as  well 
as  those  suited  to  preventing  infection  in  permanent  posts. 
At  the  present  time  our  knowledge  of  the  etiolog\^  of  malarial  in- 
f  fections  is  so  extensive  and  accurate  that  no  matter  how  badlv  a 
;   region  may  be  infected  or  how  difficult  the  local  conditions  may 
j  make  the  application  of  prophylactic  measures  some  method  may 
be  adopted  that  will  result  in  success.     It  is  now  proven  beyond  con- 
'  troversy  that  the  malarial  fevers  are  transmitted  from  man  to  num 
by  moscjuitoes  belonging  to  the  Ano pheliiuf' ;  that  these  mosquitoes 
in  order  to  become  infective  must  have  bitten  an  infected  individual: 
that  the  malaria  parasites  undergo  a  definite  cycle  of  development 
in  both  man  and  the  moscpiito,  which,  if  interru])ted  at  any  stage, 
will  result  in  the  death  of  the  parasites;  and  that  these  parasites,  so 
far  as  we  know,  exist  only  in  man  and  mosquitoes,  so  that  it  is 
unnecessary  to  consider  other  aninud  or  insect  hosts  in  the  prophy- 
laxis of  malaria.     Therefore  it  follows  that  if  it  were  possible  to 
destroy  all  malaria-carrying  mosquitoes  or  kill   all  the  plasuiodia 
in  the  blood  of  all  infected  individuals  we  would  succeed   in  the 
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eradication  of  these  fevers  in  every  locality.  Unfortunately,  we 
must  admit  that  in  practice  we  can  only  hope  for  a  partial  success 
if  we  depend  upon  one  method  of  prophylaxis  alone,  and  it  is  gen- 
erally necessary  to  combine  methods  looking  to  the  destruction  of 
mosquitoes,  the  protection  of  man  from  the  bites  of  these  insects,  and 
the  destruction  of  the  malaria  plasmodia. 

That  methods  based  upon  the  discoveries  of  Laveran  and  Ross, 
when  properly  applied,  are  successful  has  been  proven  by  numerous 
sanitarians.  The  success  achieved  by  Gen.  Gorgas  and  Col.  Kean, 
of  the  Medical  Corps,  in  Habana ;  of  Gen.  Gorgas  in  the  Canal  Zone; 
of  Celli  in  Italy;  of  Watson  in  the  Federated  Malay  States;  and  of 
the  Sergents  in  Algeria  in  the  prevention  of  malaria  has  demon- 
strated for  all  time  the  wonderful  value  of  prophylactic  measures 
against  these  infections,  and  there  is  no  more  striking  illustration 
of  what  may  be  expected  from  intelligent  prophylaxis  than  is  shown 
in  Chart  No.  I,  giving  the  malarial  rates  in  the  Canal  Zone  since 
1906  to  1913.  As  will  be  noted,  during  1906  nearly  7  per  cent  of  the 
entire  working  force  on  the  canal  entered  hospital  each  month  suf- 
fering from  malarial  infections,  while  in  1912  less  than  1  per  cent 
per  month  entered  hospital  from  these  infections. 

In  the  Army  there  has  been  a  gradual  and  continued  reduction  in 
the  number  of  cases  of  malaria  since  1898,  as  shown  by  Chart  No.  II. 
It  should  be  understood,  however,  that  the  enormous  number  of 
admissions  from  malarial  fevers  in  1898,  1899,  and  even  in  1900,  as 
shown  in  this  chart,  can  not  be  taken  as  representing  the  actual 
facts,  for  it  is  well  known  that  a  very  large  percentage  of  the  cases 
of  typhoid  fever  occurring  during  these  years,  and  especially  during 
1898  and  1899,  were  diagnosed  as  remittent  malarial  fever  and  so 
entered  upon  the  records.  However,  if  we  accept  the  year  1901 
as  representing  accurate  statistics  of  this  disease,  it  will  be  noted 
that  the  admission  rate  for  all  American  troops,  serving  both  at 
home  and  in  our  tropical  possessions,  has  been  reduced  from  365.39 
per  1,000,  the  rate  for  1901,  to  24.75  per  1,000,  the  rate  for  1913. 

The  noneffective  rate  from  malarial  infections,  the  best  index 
we  possess  of  the  influence  of  the  disease  upon  the  efficiency  of  the 
Army,  has  likewise  fallen  greatly.  This  rate  for  all  American 
troops,  as  shown  in  Chart  III.  serving  both  at  home  and  abroad, 
was  4.46  in  1903,  while  in  1913  it  was  only  0.53,  the  lowest  noneffec- 
tive rate  from  these  fevers  since  1898. 

In  the  troops  serving  in  the  United  States  the  reduction  in 
malaria,  as  would  be  expected,  has  been  more  marked  than  in  the 
Philippines.  In  I'hart  No.  IV  is  given  the  admission  and  non- 
effective rates  for  these  fevers  since  1904,  and  it  will  be  noted  that 
there  has  been  a  steady  decrease  in  both  rates,  until   in   1913  we 
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rcac'lied  tlio  very  small  nonctt'octive  rate  of  0.18  and  the  admission 
rate  of  8.70.  In  the  IMiilipj)ines  on  the  other  hand  (Cliai-t  Xo.  V) 
the  decrease  has  not  been  as  steady,  and  in  VM'2  and  lOKi  the  ad- 
mission rates  are  hi<rher  than  in  I'.HO  oi-  11)11.  The  exact  rea.son  for 
this  increase  during  the  years  mentioned  is  not  known  hut  it  was 
probably  due  to  more  exposure  in  the  field  because  of  local  maneuvers 
or  expeditions. 

The  decrease  of  malaria  in  the  Army  has  been  brought  about 
largely  by  measures  directed  against  the  mos(piitoes  transmitting 
the  disease,  and  the  protection  of  man  from  the  bites  of  these  insects. 
Quinine  prophylaxis  has  probably  had  but  little  to  do  with  this  re- 
ducticm,  as  the  use  of  this  method  has  been  very  limited.  Neither 
has  the  ccmtrol  of  ti'eatment  by  microscopic  examinations  of  the 
blood  and  the  treatment  of  ''  carriers ''  and  latent  infections  operated 
to  any  extent  in  reducing  the  disease  in  the  Army,  as  these  methods 
have  been  very  little  used,  and  it  is  believed  that  had  these  methods 
been  widel}^  em])l()yed  the  reduction  of  malaria  would  have  been 
much  more  marked  and  much  more  rapid  than  it  has  been. 

The  methods  of  pr()i)hylaxis  adopted  in  different  localities  must 
vary  with  the  peculiar  conditions  present  in  each  regicm.  and  com- 
mon sense  must  be  used  here  as  in  every  other  procedure  for  the 
prevention  of  disease.  High-flown  theories  must  give  place  to  a 
calm  study  of  the  situation  and  the  means  most  applicable  and  best 
adapted  to  fighting  the  infection.  Under  s(mie  conditions  we  nu\y 
be  able  to  practically  eradicate  mosquitoes,  while  under  others  this 
measure  may  be  impossible,  and  quinine  prophylaxis  will  have  to  be 
substituted,  together  with  measures  for  the  protection  of  man  from 
the  bites  of  mosquitoes.  In  mam%  if  not  most,  localities  the  best 
results  wdll  be  secured  by  the  combination  of  several  prophylactic 
measures,  and  I  am  not  at  all  in  sympathy  with  those  who  insist  that 
either  upon  the  destruction  of  mosquitoes  or  the  prophylactic  use  of 
quinine  alone  we  must  depend  for  success  in  the  prevention  of  the 
malarial  fevers. 

The'  prophylaxis  of  malaria,  to  be  successful,  must  rest  upon  a 
thorough  know  ledge  of  the  etiology  of  these  infections.  In  the  past 
much  effort  has  been  wasted  and  money  uselessly  expended  in  fool- 
ish attempts  at  prophylaxis  by  individuals  possessing  a  very  super- 
ficial knowledge  of  either  the  parasites  causing  the  disease  or  the 
insects  transmitting  the  infection,  and  most  of  the  unfavorable  re- 
ports regarding  various  methods  of  prophylaxis,  if  carefully  stuilied. 
will  be  found  to  be  based  upon  insufficient  evidence  furnished  by 
those  unacquainted  with  the  real  facts  regarding  the  etiology  (^f 
malaria. 

A  knowledge  of  the  morphology  and  life  cycle  of  the  parasites 
causing  malaria  and  of  the  mosi]uitoes  transmitting  the  disease  is 
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Chart  Xo.  IV. 
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Chart  No.  V. 
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absolutely  essential  to  one  who  hopes  to  achieve  success  in  prophy- 
laxis. This  does  not  mean  that  one  must  be  a  professional  protozo- 
ologist  or  entomologist,  for  a  good  working  knowledge  of  these  sub- 
jects may  be  obtained  from  the  careful  study  of  the  blood  from  a 
few  cases  of  malaria  and  from  the  investigation  of  the  structure  and 
habits  of  a  few  species  of  mosquitoes.  One  should  be  able  to  recog- 
nize the  various  forms  of  the  malaria  plasmodia  occurring  in  the 
l)lood  of  man  and  also  be  able  to  differentiate  mosquitoes  belonging  to 
the  Anophelince  from  other  mosquitoes,  and,  fortunately,  this  knowl- 
edge may  be  easily  acquired  by  anyone  who  has  access  to  the  neces- 
sary material. 

As  the  first  step  in  any  successful  attempt  at  the  prophylaxis  of 
malaria  is  the  diagnosis  of  the  presence  of  infection  either  in  man  or 
the  moscjuito,  it  is  necessary  to  consider  as  briefly  as  is  consistent 
with  the  importance  of  the  subject  the  methods  of  demonstrating  the 
parasites  and  their  morphology  and  life  cycle.  The  discovery  of 
"  carriers  "  of  the  infection,  so  important  from  a  prophylactic  stand- 
point, and  the  proper  treatment  of  all  malarial  disease,  depends  upon 
the  recognition  of  the  plasmodia  in  the  blood  of  man.  while  no  mala- 
ria survey  can  be  called  complete  which  does  not  include  the  demon- 
stration of  the  Plasmodia  within  the  mosquitoes  of  the  locality  in- 
vestigated. In  the  following  sections  dealing  with  the  plasmodia  and 
the  mosquitoes  transmitting  them  I  have  endeavored  to  give  the  facts 
that  are  most  essential  to  one  working  along  the  line  of  prophylaxis; 
Mud  while  it  has  been  necessary  to  describe  the  morphology  of  the 
Plasmodia  1  have  limited  myself  as  much  as  possible  in  the  descrip- 
tion, placing  sj)ecial  emphasis  upon  the  forms  of  the  plasmodia  that 
infect  the  moscpiito  and  that  may  also  be  demonstrated  in  the  blood 
of  man,  i.  e.,  the  gametes.  Xo  attempt  has  been  made  to  describe  in 
detail  the  anatomy  of  mosquitoes,  but  special  attention  has  been  paid 
to  the  broad  points  differentiating  the  Anophelina'  from  other  mos- 
(juitoes  and  to  the  habits  of  certain  species  transmitting  the  malarial 
fevers.  The  methods  of  demonstrating  the  plasmodia  are  those  that 
1  have  found  most  useful  and  can  be  easily  applied  by  anyone  hav- 
ing a  knowledge  of  the  microscope  and  of  microscopical  technique. 

Fort  I^kaven worth.  Kansas, 

July,  lOlJf. 


ClIAPTEU  I. 
THE   MALARIA   PLASMODIA. 

Methods  of  demonstrating  the  plasrnodia. — The  parasites  causing 
the  mahirial  fevers  may  be  studied  in  either  the  living  condition  or 
in  stained  preparations  of  blood.  For  the  military  sui-geon  the 
examination  of  the  fresh  blood  is  of  special  value,  for  staining  solu- 
tions will  not  always  be  at  hand,  and  it  is  most  unfortunate,  from 
a  military  standpoint,  that  the  study  of  the  living  plasmodia  in 
fresh  blood  has  been  so  entirely  replaced  by  the  use  of  stained  prepa- 
rations. While,  at  permanent  posts  and  base  hospitals,  where  stain- 
ing solutions  can  be  prepared  and  used,  the  stained  preparations  of 
blood  are  to  be  pi-ef erred,  every  military  surgeon  should  be  familiar 
with  the  appearance  of  the  plasmodia  in  fresh  blood,  for  in  the  field 
the  examination  of  unstained  specimens  will  be  found  the  most  prac- 
ticable and  rapid  method  of  diagnosing  malarial  infections.  Where 
stained  preparations  can  be  made,  however,  they  possess  the  great 
advantage  that  the  plasmodia  are  more  easily  seen  and  are  less 
liable  to  be  mistaken  for  other  objects  that  may  lie  present  in  the 
specimens  examined. 

Apparatvs. — The  apparatus  necessary  in  making  a  blood  examina- 
tion for  malaria  is  so  very  simple,  occupies  so  little  space,  and  is  so 
easily  transported,  that  there  is  no  excuse  for  its  absence  even  in 
military  operations  in  the  field.  A  good  compound  microscope  pro- 
vided with  a  one-tw^elfth  oil  immersion  lens,  a  bottle  of  immersion 
oil,  microscopic  slides  and  cover-glasses,  two  or  three  medicine  drop- 
pers, a  bottle  of  staining  solution,  and  boiled  or  distilled  water  are 
all  that  is  necessary  to  make  the  most  exact  examination  of  the  blood 
for  malaria.  In  operations  in  the  field  the  bottles  of  staining  solu- 
tion and  distilled  water  could  be  omitted,  the  diagnosis  of  infection 
being  made  from  the  examination  of  fresh  specimens  of  blood.  The 
one-twelfth  oil  immersion  lens  is  absolutely  essential,  for  while  the 
larger  forms  of  the  tertian  and  quartan  plasmodia  and  the  r/amt'tes, 
or  crescents,  of  the  aestivo-autumnal  fevers  may  be  seen  with  lower 
power  lenses,  the  small,  hyalin  ring-forms  can  only  be  well  seen 
when  the  one-tw^elfth  lens  is  used. 

Preparation  of  living  specimens. — The  following  procedure  is  rec- 
ommended if  it  is  desired  to  procure  fr^esh  specimens  of  blood  for 
examination  for  the  plo^modia.  The  patient's  ear  lobe  or  the  tip  of 
the  finger  is  carefully  cleaned  with   alcohol,  dried   thoroughly,   a 

58000°— 14 2  17 


18  PROPHYLAXIS    OF   MALARIA. 

slight  puncture  made  with  a  lancet  or  needle,  and  the  first  drop  or 
two  of  blood  allowed  to  flow  away.  A  very  small  drop  is  then  taken 
upon  the  center  of  a  microscopic  slide  which  has  been  carefully  \ 
cleaned  and  a  cover  glass  placed  gently  over  it.  If  the  slide  is  clean 
and  the  drop  of  blood  small  the  weight  of  the  cover  glass  will  cause 
the  blood  to  spread  evenly  and  quickly  beneath  it ;  but  if  it  does  not.  J 
very  slight  pressure  will  suffice  to  spread  the  blood  and  will  do  no 
harm.  If  upon  examination  it  is  found  that  the  blood  cells  are  in 
clumps  or  rouleaux,  the  preparation  should  be  discarded  and  one 
prepared  in  which  the  red  cells  are  spread  singly  and  evenly  over 
the  microscopic  field.  The  preparations  should  be  examined  as  soon 
as  possible;  but  if  carefully  Avrapped  in  tissue  paper,  they  may  be 
carried  in  the  pocket  for  several  hours  Avithout  much  danger  of  , 
changes  occurring  which  will  obscure  the  plasmodia;  and  if  the 
specimens  be  carefully  ringed  with  vaseline,  they  will  keep  for  as 
long  as  12  hours.  The  ear  is  preferable  to  the  finger  for  obtaining 
blood,  especially  in  children,  as  there  is  less  pain  and  the  patient  can  i 
not  watch  the  operator  during  the  procedure.  At  least  a  half  hour 
should  be  spent  upon  the  examination  of  the  specimen  before  a 
negative  report  is  returned,  and  at  least  three  or  four  preparations 
should  be  examined.  In  the  vast  majority  of  active  infections,  how- 
e^■er,  a  few  moments  examination  Avill  disclose  the  plasmodia.  but 
where  a  search  is  being  made  for  latent  infections  and  "  carriers "' 
it  is  not  safe  to  consider  a  case  as  negative  unless  several  speci- 
mens are  carefully  examined. 

Preparation  of  stained  specimens. — All  that  is  necessary  in  the 
way  of  apparatus  for  preparing  blood  smears  for  staining  are  micro- 
scopic slides  and  a  needle  with  which  to  make  the  puncture  in  the 
ear-lobe  or  finger.  After  cleansing  the  ear  or  finger,  as  described,  a 
puncture  is  made  with  the  needle  and  a  small  drop  of  blood  caught 
upon  the  surface  of  a  clean  microscopic  slide,  near  one  end:  as 
quickly  as  possible  the  end  of  another  slide  is  placed  in  contact  with 
the  drop  of  blood,  either  before  or  behind  it,  and  the  blood  allowed 
to  spread  along  the  edge  of  the  applied  end.  As  soon  as  this  occurs 
the  upper  or  applied  slide  is  pushed  or  drawn  gently  along  the 
surface  of  the  slide  containing  the  drop  of  blood,  and  when  this  is  i 
l)i'oper]y  done  a  thin  even  smear  is  obtained.  Several  smears  should 
be  ])repared  from  each  individual  examined. 

Method  of  staining. — Many  methods  have  been  devised  for  stain- 
ing the  malaria  plasmodia,  but  I  have  found  Wright's  modification 
of  (h(»  Ivoinanowsky  stain  as  satisfactory  as  any,  and  it  is  absolutely 
leliable  \\\w\\  (he  staining  solution  is  properly  prepared  and  used. 
Considerable  time  and  care  are  necessary  in  the  preparation  of  the 
stain,  and  tliis  lias  been  urged  as  an  objection  to  its  use,  but  anyone 
who  will  carefully  follow  the  directions  that  follow  will  have  no 


PROPHYLAXIS   OF    MALARIA.  19 

trouble  in  secmiii<^  a  reliable  slain,  and.  in  time  ^^\'  acti\e  field  opiTa- 
tions,  if  it  were  desired  to  issue  the  powder,  it  eijidd  be  prepared  in 
large  amounts  at  the  various  department  laboratories  and  issued  in 
t'aled  glass  tubes,  each  tube  containing  enough  pcnvder  for  a  definite 
amount  of  staining  solution,  and  with  the  powder  could  be  sent 
enough  of  the  pr()i)er  methylic  alcolujl  to  make  up  the  amount  of  solu- 
tion indicated. 

The  powder  used  in  picparing  the  staining  solution  is  (obtained  as 
follows:  In  a  flask  add  0.5  gram  of  c.  p.  sodium  bicarbonate  to  VH) 
c.  c.  of  distilled  water;  dissolve  thoroughly,  and  slowly  add.  while 
shaking,  1  gram  of  Orubler's  methylene  blue;  heat  for  one  hour  in 
an  Arnold  sterilizer  after  the  steam  is  up,  and  then  cool  the  solution. 
A  considerable  amount  of  the  methylene  blue  will  remain  undis- 
solved, but  this  should  be  allowed  to  remain  in  the  solution. 

Make  a  solution  of  Grubler's  yellow  acjueous  eosin  by  ackling  1 
gram  of  eosin  to  1,000  grams  of  distilled  water.  Add  this  slowly, 
Avhile  stirring,  to  the  cooled  methylene  blue  solution  which  has  been 
poured  into  a  white  dish  or  bowl.  The  eosin  solution  is  added  until 
a  well-marked  precipitate  api)ears  and  the  surface  of  the  mixture  is 
covered  with  a  greenish  metallic  scum.  Test  rei)eatedly,  while  add- 
ing the  eosin  solution,  by  placing  a  drop  of  the  mixture  upon  a  piece 
of  white  filter  paper.  When  suHicient  of  the  eosin  solution  has  been 
added  a  well-marked  i)ink  halo  should  surround  the  small  amount  of 
blue  precipitate  left  upon  the  paper.  Now  allow  the  mixture  to  stand 
for  15  minutes  and  then  filter  through  one  small  filter  paper;  the 
precipitate  is  saved,  dried  in  a  hot-air  oven  at  G0°  C.,  the  greenish 
mass  thus  obtained  powdered,  and  stored  in  an  air-tight  bottle.  Large 
amounts  of  the  powder  ma}^  be  prepared  by  increasing  the  amounts 
of  the  reagents  given,  in  proper  i-atio. 

7'he  staining  solution. — The  solution  used  in  staining  the  blood 
smears  is  prepared  by  taking  0.3  gram  of  the  powder  and  adding  it 
to  100  c.  c.  of  pure  methylic  alcohol  (this  must  be  Merck's  reagent 
alcohol)  filter,  and  add  enough  alcohol  to  bring  the  entire  amount  to 
the  original  100  c.  c.    Let  stand  for  an  hour  or  two  before  using. 

Method  of  use. — Add  a  few  drops  of  the  staining  solution  to  the 
blood  smear  and  let  stand  for  from  three  to  five  minutes.  This  fixes 
the  specimen.  Then  add  enough  distilled  water  to  cause  a  slight 
greenish  metallic  scum  to  form  upon  the  surface  of  the  solution :  let 
stand  for  five  minutes,  wash  in  running  distilled  water,  and  examine 
when  dry.  The  exact  time  for  staining,  after  the  addition  of  the 
distilled  Avater,  varies  somewhat  with  diti'erent  specimens  of  blood, 
but  a  little  experience  will  soon  enable  one  to  judge  the  right  time. 

The  final  washing  with  distilled  water  is  very  important,  as  by  it 
the  precipitate  formed  during  the  staining  process  is  removed  and 
the  dilierentiation  of  the  staining  of  the  cyto]>lasm  of  the  erythrocyte 
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and  the  chromatin  of  the  plasmodia  is  obtained.  The  washing  should 
be  continued  until  the  specimen  becomes  a  delicate  shade  of  pink  or 
pinkish-brown.  If  distilled  water  can  not  be  obtained,  thoroughly 
l)oiled  water  may  be  used  instead. 

Staining  reactions  with  Wrighfs  stain. — In  specimens  of  blood 
properly  stained  with  Wright's  stain,  the  red  blood  corpuscles  are 
stained  a  brownish-pink  or  light  salmon,  while  the  various  leucocytes 
are  stained  as  follows:  The  polynuclear  leucocytes  present  a  violet 
nucleus  with  unstained  cytoplasm  except  for  light  pink  granules; 
the  mononuclears  and  lymphocytes  have  a  dark  ruby-red  or  violet 
nucleus,  while  the  cytoplasm  is  stained  blue:  the  eosinophiles  have 
a  violet  or  bluish-violet  nucleus,  while  the  granules  are  stained  red; 
the  mast  cells  have  purplish-black  granules  and  a  dark  violet  nu- 
cleus; while  the  blood  plates  stain  a  ruby-red  color,  with,  in  most 
instances,  a  more  or  less  definite  pale  lilac  margin. 

The  cytoplasm  of  the  malaria  plasmodia  stains  a  robin's  egg 
blue,  the  vesicular  portion  of  the  nucleus  remains  unstained,  while 
the  chromatin  of  the  nucleus  stains  a  ruby-red  or  brilliant  violet 
color.  The  pigment  generally  appears  greenish  in  color  in  the  ter- 
tian plasmodia  and  almost  black  in  the  quartan  and  estivo-autumnal 
plasmodia. 

7'he  Boss  tkick-fihn  method. — In  suspected  cases  of  malaria  in 
which  the  plasmodia  can  not  be  demonstrated  by  the  methods  de- 
scribed, the  thick- film  method  of  Ross  should  be  tried.  This  method 
will  be  found  of  special  service  in  the  search  for  "carriers'*  of  the 
infection  and  should  always  be  employed  in  a  malaria  survey  be- 
fore a  locality  is  returned  as  free  from  the  disease. 

A  large  drop  of  blood  is  placed  upon  a  microscopic  slide  at  or 
near  the  middle,  and  is  spread  with  a  needle  until  it  covers  an  area 
about  one-half  inch  in  diameter.  The  smearing  nuiy  be  done  with  a 
platinum  loop,  and  the  film  should  be  made  as  evenly  as  possible. 
The  preparation  is  now  placed  aside  and  allowed  to  dry. 

After  the  film  is  dry.  the  slide  is  placed  in  a  mixture  composed 
oi  50  c.  c.  of  commercial  ethyl  alcohol  containing  10  drops  of  com- 
mercial hydrochloric  acid,  and  removed  when  the  hemoglobin  is 
completely  dissolved — a  process  which  is  usually  complete  in  from 
10  minutes  to  half  an  hour,  varying  with  the  thickness  of  the  blood 
smear.  The  preparation  is  now  fixed  and  should  be  washed  in  riin- 
iiing  water  for  15  minutes  in  order  to  remove  the  acid,  which  en- 
tirely prevents  staining  if  any  considerable  amount  remains  upon 
the  slide.  After  washing,  the  specimen  is  allowed  to  dry  and  stained 
with  Wright's  stain  in  the  manner  already  described.  More  stain 
should  be  used  ii.  covering  the  film,  and  a  longer  time  should  be 
.dlowed'for  staining  because  of  the  thickness  of  the  film  of  blood. 


PIK)IMI'\'I..\XIS    OK    MAJ.AKIA.  21 

After  staining,  the  preparation  is  waslied  in  running  tap  water  until 
no  more  blue  color  comes  from  the  film.  I'he  specimen  is  then  ai- 
U)wed  to  dry,  after  which  it  is  ready  for  examination. 

In  specimens  stained  in  this  manner  it  shouhJ  be  rememlicred 
that,  owing  to  the  dissolving  of  the  hemoglobin  by  the  acid,  the 
cytoj)iasm  of  the  red  blood  corpuscles  is  not  distinctly  stained,  the 
intracellular  i)lasmodia  appearing  to  be  free  in  the  plasma.  The 
entire  film  is  more  or  less  pink  in  color,  the  plasmodia  appearing 
as  blue  bodies  containing  more  or  less  red  chromatin  again.st  the 
pinkish  background.  The  tertian  and  ({uartan  plasmodia,  if  beyond 
the  ring  stage  in  growth,  api)ear  as  irregular  blue  masses  containing 
granules  of  red  chromatin,  while  the  ring  forms  appear  as  blue  rings 
containing  one  or  two  red  chromatin  granules,  (jr  as  minute,  irregu- 
lar bodies,  if  viewed  at  an  angle.  The  (jametes  are  easily  distin- 
guished, although  the  crescentic  gamete  of  the  estivo-autumnal  plas- 
modia often  appears  distorted.  Some  experience  is  re(piired  to 
identify  the  plasmodia  in  these  thick  films,  but  a  little  practice  will 
soon  enable  one  to  become  expert  in  the  use  of  this  very  valuable 
method  of  demonstrating  the  malaria  plasmodia. 

THE    MORPHOLOGY    AND    LIFE    CYCLE    OF    THE    MALARIA 

PLASMODIA. 

The  malaria  plasmodia  were  first  described  by  Laveran  ^  in  1880 
and  are  found  in  man  upon  and  within  the  red  blood  corpuscles.  In 
this  situation  they  feed  upon  and  destroy  the  corpuscles,  producing 
thus  the  anaemia  always  present  in  ever}^  malarial  infection,  and 
by  their  sporulation  the  symptom  complex  which  we  know  as  the 
malai'ial  paroxysm.  Although  the  classification  of  these  parasites 
has  occupied  the  attention  of  zoologists  for  years,  it  can  not  be  said 
that  there  is  yet  a  complete  agreement  regarding  the  exact  position 
of  the  species  causing  malaria  in  man.  All  are  agreed  that  they 
belong  to  the  Protozoa,  and  most  authorities  place  them  in  the 
Sporo2oa^  and  in  the  order  Ila^mosporidla.  At  least  three  species  are 
recognized  by  the  vast  majority  of  observers — i.  e.,  Plasmodium 
viraj'  (the  tertian  parasite),  Plasmodium  m<dariae  (the  (|uartan 
parasite),  and  Plasmodium  falciparum  (the  estivo-autumnal  j)ara- 
site).  The  latter  species  has  been  divided  by  many  observers  into 
two  A'arieties,  the  tertian  estivo-autumnal  plasmodium  and  the  (luo- 
tidian  estivo-autumnal  plasmodium.  The  tertian  ^)ecies  should 
be  called  Plasmodium  falciparum^  while  I  ^  have  proposed  the  name 
Plasmodiu7n  falciparum  quotidianum  for  the  parasite  causing  the 
quotidian  type  of  estivo-autumnal  malaria,  believing  it  to  be  a 
subspecies  of  Plasmodium  falciparum. 


22  PROPHYLAXIS   OF   MALARIA. 

In  describing  the  malaria  plasmodia  two  distinct  life  cycles  must 
he  considered — first,  the  human  or  asexual  cycle,  called  schizogony^ 
occurring  in  man;  and  second,  the  mosquito  or  sexual  cycle,  called 
sporor/ony.  occurring  in  the  infected  mosquito.  In  each  of  these 
cycles  of  development  the  morphology  of  the  parasites  varies  greatly 
and  should  be  familiar  to  everyone  engaged  in  the  prophylaxis  of  the 
malarial  fevers. 

In  the  following  descriptions  the  morphology  of  the  various  spe- 
cies of  human  plasmodia  will  be  first  given  as  observed  in  living 
])rep{irati(ms  and  then  as  observed  in  stained  preparations.  The 
forms  pertaining  to  the  human  cycle  of  development  will  first  be 
described  and  then  the  forms  concerned  in  the  mosquito  cycle. 

Morphology  of  Plasmodium  vivax  {the  tertian  parasite)  (Schi- 
zogony or  human  cycle. — As  is  well  known  this  species  of  malaria 
Plasmodium  completes  its  cycle  of  development  in  the  blood  of  man 
in  48  hours  and  produces  the  well-known  tyi^e  of  malarial  fever 
associated  with  a  chill  and  fever  occurring  every  other  day. 

The  parasite  is  first  observed,  in  unstained  preparations,  within 
or  upon  the  red  blood  corpuscle  as  a  small,  nonmotile,  hyaline  ring 
or  disk,  the  trophozoite,  measuring  about  2  microns  in  diameter ;  its 
outline  is  ver}^  indistinct,  and  it  is  often  overlooked  owing  to  lack 
of  amoeboid  movement  and  the  delicate  veil-like  consistency  of  its 
cyto])lasm.  As  it  grows  older,  becoming  the  schizont.  it  develops 
marked  amoeboid  movement,  but  is  still  indistinct  in  outline  until 
pigment  is  developed  at  the  end  of  from  six  to  eight  hours.  The 
l^igment  is  reddish  brown  in  color  and  arranged  irregularly  through- 
out the  cytoplasm  in  the  form  of  very  fine  granules.  As  development 
l)ro(;eeds  the  pigment  becomes  motile,  due  apparently  to  currents 
within  the  cytoplasm  of  the  parasite,  while  the  amoeboid  motion  of 
the  Plasmodium  becomes  less  pronounced.  As  growth  proceeds  the 
l)igment  increases  gradualh^  in  amount  and  remains  active  until 
just  before  sporulation  when  it  becomes  collected  in  large  masses  or 
a  single  large  irregular  mass  near  the  center  of  the  parasite. 

At  the  end  of  '24  hours  the  plasmodium  fills  more  than  half  of  the 
infectcMl  red  corpuscle,  contains  much  actively  motile  pigment,  and 
vai'ies  greatly  in  shape  due  to  the  marked  amoeboid  activity  of  the 
organism.  The  infected  red  cell  is  considerably  larger  than  normal 
and  lighter  green  in  color.  At  the  end  of  30  hours  the  plasmodium 
has  attained  its  greatest  size  and  practically  (ills  the  infected  cor- 
puscle. Amoeb(>i<l  motion  is  sluggish,  but  the  pigment,  which  has 
still  fui'ther  increased  in  amount,  is  very  actively  motile  and  is  dis- 
tributed in  {\\o  form  of  fiiu*  granules  throughout  the  cytoplasm.  The 
cyto])lasm  of  the  plasmodium  is  colorless,  but  the  organism  is  sharply 
outlined.  The  infected  red  corpuscle  is  almost  twice  the  size  of  the 
iioiiumI  (•orj)uscles  surrounding  it.     At  the  end  of  48  hours  sporula- 
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tion  occurs;  the  pigment  becomes  collected  near  the  center  or  to  one 
side  of  the  phismodiuiii  in  the  form  of  ;i  compact  chimi)  or  cliimpj. 
and  fine  radial  striations  are  ol)ser\ed  extendiii*^  from  the  (center 
toward  the  peri[)hery  of  the  plasmodiiim,  (lividiii<^  it  into  several 
o\()id  se<rments  or  si)ores.  As  a  rule,  tliese  spores,  in  the  tertian 
Plasmodium,  aie  arr;in<j:ed  in  two  rows,  one  row  surrounding^  the 
center  of  the  phismodium  and  another  surroundin*^  the  first  row; 
but  often  the  spores  are  arranged  irregulai'ly  and  are  alwa^^s  devoid 
of  pigment.  They  vary  in  number  from  12  to  24,  or  even  more,  l)ut 
the  avora<j^e  is  from  10  to  20.  The  spores  are  known  as  w.ero:^o'/tes 
and  when  free  in  the  blood  plasma  measure  from  one-fit'th  to  2  mi- 
crcms  in  diameter,  are  oval  in  shape,  hyaline  in  appearance,  and 
present  a  spherical,  refractive  center,  and  a  less  refractive  mass  of 
protoplasm  surround  it.  The  merozoites  are  capable  of  infecting  the 
red  blood  coriMiscles  and  thus  the  human  life  cycle  of  the  Plasmo- 
dium is  continued. 

EXPLANATION   OF   PLATE    1. 

Figure  1. — I'ldsmodium  rini.r.  (Tertijin  Plasmodium.)  Yoiiiif;  forms  or  the 
so-called  "ring  forms."     Wright's  stain.     X  1200. 

Figure  2. — PJitsijuotliinii  vira.r.   Qunrtor-grown  iiarasite.    Wright's  stain.    X  1200. 

Figure  3. — Pla.sviodium  vivax.     Half-grown  parasite.     Wright's  stain.     X  1."><M). 

Figure  4. — Plasmocliitm  vivax.  Three-quarters-grown  p.-irasito.  Wright's  stain. 
X  1800. 

EXPLANATION   OF   PLATE   2. 

Figure  1. — Plashiodium   vivn.r.     (Tertian   plasniodinm.)      Pre-sporulating  para- 
site.    Wright's  stain.     X  ISOO. 
Figure  2. — Plasmodiiun  vivax.     Sporulating  parasite.     Wright's  stain.     X  1200. 
Figure  3. — Plasmodium  vivax.     Sporulating  parasite.     Wright's  stain.     X  \s{^^. 
Figure  4. — Plasiuodinm  vivax.     Sporulating  parasite.     Wright's  stain.     X  ISOO. 

EXPLANATION   OF   PLATE   3. 

Figure  1. — Plasmodium  vivax.  (Tertian  i)lasni()dium.)  Free  spores  or  mcvo- 
zoites.    Wright's  stain.     X  1200. 

Figure  2. — PlasmtHlium  vivax.  Fully  developed  macvoifanictoci/tc  of  Plasmo- 
dium vJvax.     X  1800. 

Figure  3. — Plasmodium  vivax.  Fully  developed  micvopamctociftc  of  Phismit- 
dium  mvax.     Wright's  stain.     X  1800. 

Figure  4. — Plasmodium  vivax.  Atypical  parasite,  resembling  the  pavthciuxjc- 
uctic  ntacvogamctcs  described  by  Schandinn.  Wright's  stain. 
X  1500. 

In  preparations  stained  with  AVright's  stain,  the  youngest  form 
of  Plasmodium  viva,v  appears  in  the  red  cell  as  the  so-called  *'  ring 
form"  consisting  of  a  delicate  ring  of  cytoplasm  stained  a  robin's- 
^g^  blue,  at  one  porticm  of  which  is  a  ruby-red  dot  of  chromatin,  the 
ring  inclosing  an  unstained  area  through  which  the  salmon  or  pink 
of  the  corpuscle  is  visible.     In  those  plasmodia   in  which  ameboid 
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motility  was  present  at  the  time  of  fixation  man}-  irregular  forms  of 
the  "ring*'  are  observed,  due  to  minute  pseudopodia  arising  from 
the  periphery  of  the  organism.  Delicate,  blue-stained  filaments  of 
cytoplasm  may  be  observed  spreading  over  the  infected  erythrocyte 
and  the  chromatin  mass  may  be  situated  at  any  portion  of  the  para- 
site, quite  often  within  one  of  the  pseudopodia.  As  the  scMzont 
becomes  larger  the  blue-stained  cytoplasm  is  observed  to  contain 
greenish  pigment  and  the  single  dot  of  chromatin  has  increased 
until  the  cytoplasm  contains  threads  and  granules  of  this  substance 
stained  a  brilliant  red.  At  a  certain  period  of  development  the 
chromatin  divides  into  such  fine  filaments  and  grains  that  in  the 
stained  preparations  the  parasites  at  this  stage  appear  to  be  almost 
devoid  of  this  substance  but  prolonged  staining  will  generally 
demonstrate  a  collection  of  A^ery  fine  chromatin  granules  inclosed 
within  an  unstained  area,  the  vesicular  portion  of  the  nucleus.  As 
sporulation  approaches  the  cytoplasm  stains  more  intensely  blue 
and  the  chromatin  becomes  arranged  in  irregular  clumps  through- 
out the  cytoplasm.  The  sporulating  plasmodia  present  a  cytoplasm 
filled  with  spherical  or  oval  masses  of  red  chromatin  and  careful 
examination  will  demonstrate  that  each  chromatin  mass  is  surround- 
ed by  a  blue-stained  ring  of  the  cytoplasm;  the  pigment  is  collected 
into  one  or  more  irregular  masses  within  the  organism  along  with 
some  residual  cytoplasm  which  stains  a  pale  blue.  Not  infrequently 
free  spores,  or  merozoites^  are  observed  in  stained  preparations,  and 
are  composed  of  a  ring-shaped  or  almost  solid  mass  of  blue-stained 
cytoplasm  containing  a  small  bright  red  dot  of  chromatin. 

Morphology  of  Plasmodluvi  malar'uv  {the  quartan  plasmocUum) 
{Schizogony  or  Human  Cycle). — This  species  of  malaria  Plasmo- 
dium completes  its  development  in  man  in  1'2  hours,  producing  that 
tyi)e  of  the  disease  characterized  by  a  chill  and  a  rise  in  temperature 
at  the  end  of  every  third  day.  AMth  the  exception  of  the  quotidian 
form  of  estivo-autumnal  infection,  this  is  the  most  uncommon  form 
of  malaria. 

Like  the  tertian  plasmodium,  the  orgnnism  causing  quartan  ma- 
larial infections  appears  at  first,  in  the  llrlng  sp#imen.  as  a  small 
actively  ameboid  hyaline  body  within  or  upon  the  red  blood  cor- 
puscle. It  will  be  noticed  that  ameboid  motion  is  less  marked  than 
in  the  tertian  parasite,  and  that  the  youngest  forms  are  smaller  than 
the  yoiuigest  forms  of  the  latter  species.  The  quartan  parasite  rap- 
idly becomes  ])igmented,  the  })igment  being  dark  brown  in  color, 
less  motile  than  the  pigment  of  the  tertian  plasmodium,  and  ar- 
rarged  around  the  perii)hery  of  the  organism.  The  outline  of  the 
])arasite.  at  every  stage  of  development,  is  much  nu^re  distinct  than 
is  that  of  the  teitian  parasite,  and  the  infected  red  corpuscle,  instead 
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of  bciri^  larger  tliaii  normal,  and  j>al('r  in  color,  as  in  tertian  infec- 
tions, is  normal  in  size  throughout  the  (leveh)pment  of  the  quartan 
phisniodium,  and  slijrhtly  (hirker  green  in  eoh)r  than  normal. 

The  Plasmodium  slowly  increases  in  size,  and  ])ec()mes  less  ameboid. 
The  i)i<z;ment  increases  in  (juantity  and  becomes  collected  at  the  ex- 
treme periphery  of  the  orgjinism,  and  is  immotile.  The  granules  of 
pigment  are  considerably  larger  than  in  the  tertian  [)arasite,  darker 
in  color,  and  at  no  stage  of  the  growth  of  the  organism  do  they  col- 
lect in  small  gi'ouj^s  throughout  the  cytoplasm,  as  is  common  in  the 
tertian  organism.  As  growth  increases  the  plasmodium  tends  more 
and  more  to  fill  the  infected  red  cell,  and  when  full  grown — i.  e.. 
at  the  end  of  72  hours — it  almost  fills  the  cell,  a  narrow  greenish  rim 
of  hemoglobin  being  all  that  is  visible  of  the  red  corpuscle.  At  this 
stage  of  its  growth  the  parasite  is  very  distinctly  outlined  and  is 
much  more  refractive  than  is  the  tertian  species;  the  pigment  is  mo- 
tionle.ss  and  collected  around  the  periphery;  the  shape  is  spherical, 
and  ameboid  motion  has  entirely  disappeared.  At  the  end  of  7'2 
hours  sporulation  occurs,  the  pigment  being  collected  in  the  center. 
or  in  a  star-like  arrangement  distributed  from  the  center.  Radial 
striations  appear,  dividing  the  organism  into  8  to  12,  sometimes 
16,  segments  or  spores.  The  spores,  or  merozoites^  are  generally 
arranged  in  a  perfectly  symmetrical  manner  aroimd  the  central 
clunip  of  pigment,  giving  the  so-called  daisy  or  "  Margurite ''  ap- 
pearance to  the  parasite  at  this  stage  of  development.  When  sporu- 
lation is  complete,  each  merozoite  becomes  free  in  the  blood  plasma 
and,  in  the  human  cycle,  again  invades  a  red  blood  corpuscle  and 
repeats  the  process  of  development  briefly  described. 

In  stained  preparations,  if  Wright's  method  be  employed,  the 
quartan  plasmodium  stains  in  the  same  general  manner  as  does  the 
tertian,  the  chromatin  of  the  nucleus  staining  a  ruby  red,  and  the 
cytoplasm  a  robin's  ^gg  blue.  The  youngest  schhonts  are  the  so- 
called  "' ring- forms  "  consisting  of  a  ring  of  blue-stained  cytoplasm, 
with  a  dot  or  two  of  red  chromatin  somewhere  near  the  periphery: 
while  the  older  forms  present  the  same  general  staining  character- 
istics of  the  tertian  plasmodium,  although  the  cytoplasm  stains  more 
intensely  blue  and  the  organism  is  smaller  at  every  stage  of  devel- 
opment. 

In  stained  preparations  made  during  the  second  day  of  devel- 
opment the  very  characteristic  ''band  forms"  of  Plasnwdium  mala- 
ri(v  may  be  observed  consisting  of  a  band  of  blue-stained  cytoplasm 
stretching  across  the  infected  red  corpuscle  and  inclosing  a  mass  of 
ruby  red  chromatin.  I  have  never  observed  these  "band  forms" 
in  any  other  variety  of  malarial  infecticm,  and  a  diagnosis  of  (piartan 
malarial  fever  is  justified  when  such  forms  are  observed. 
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The  merozoites  or  spores  consist  of  a  deep  blue  stained  mass  of 
cytoplasm  containing  a  compact  clump  of  dark  red  chromatin  situ- 
ated somewhere  near  the  periphery.  In  most  instances  the  mass  of 
chromatin  is  surrounded  by  a  clear,  unstained  halo  representing  the 
unstained  portion  of  the  nucleus. 

Morphology  of  Plasmodium  falciparum^.  Tertian  esfivo-outumnal 
plaHTnodiumj  {Schizogony  or  Hum^an  Cycle). — As  I  have  stated,  I 
believe  that  there  are  two  distinct  varieties  of  the  estivo- autumnal 
Plasmodium,  the  tertian  and  quotidian.  These  are  distinguishable 
microscopically,  and  the  symptoms  produced  by  them  are  character- 
istic and  easily  differentiated  clinically.  The  most  common  species 
is  the  tertian  or  Plasmodium  falciparum..,  and  this  will  first  be  de- 
scribed. 

EXPLANATION    OF   PLATE    4. 

Figure  1. — Plasmodinm    mdlaricr.      (Quartan   plasmotlinm.)      Young   parasites. 

The  so-called  ring  forms.    Wright's  stain.     X  1500. 
Figure   2. — Plasmodium   malari(F.     Half-grown   parasite.      The   so-called   hand 

form.     Wright's  stain.     X  1800. 
FuiURE  3. — Plasmodium    tnalarice.      Three  quarters-grown    parasite.      Wright's 

stain.     X  1500. 
Figure  4. — Plasmodium  malaria.     Large  hand  form.     Wright's  stain.     X   1800. 

EXPLANATION    OF   PLATE    5. 

Figure  1. — Plasmodium     malaria.       (Quartan    plasnioiliuni.)       I're-sporulating 

parasite.     Wright's  stain.     X  1500. 
Figure  2. — Plasmodium  malaria'.     Sporulating  parasite.    Wright's  stain.    X  12(X). 
Figure  3. — Plasmodium  malariw.     Sporulating  parasite.     X  1200. 
Figure  4. — Plasmodium  malariw.    Young  gamete.     X  1800. 

Plas77)odiu7n  falcijfarum  appears  first  within  or  upon  the  infected 
red  corpuscle  as  a  round  hyaline  ring  or  disk.  The  infected  cell  is 
greenish  in  color,  smaller  than  the  normal  corpuscles  surrounding 
it,  and  generally  crenated.  These  young  "ring-forms''  are  irregular 
in  outline,  one  portion  of  the  ring  being  larger  than  the  rest,  giving 
it  the  so-called  "signet-ring"  appearance.  The  organism  is  quite 
actively  ameboid  and  only  rarely  is  there  more  than  two  parasites 
ob.served  within  one  corpuscle.  In  the  course  of  from  20  to  2-i 
hours  the  hyaline  forms  become  pigmented,  the  pigment  occurring 
in  the  form  of  line,  reddish-brown  granules  somewhat  resembling 
tho.se  found  in  the  tertian  parasite.  The  pigment  is  in  larger  amount 
than  in  the  (juotidian  i)lasmo(lium  and  is  generally  motile.  As  soon 
as  i)iguientation  occurs  the  parasites  collect  in  the  internal  organs, 
and  it  is  therefore  rare  to  find  the  half  and  fullv  grown  forms  of 
this  })lasmodiuui  in  the  peripheral  blood. 

As  growth  increases  ameboid  motion  becomes  lost  and  at  the  time 
of  segmentation  or  sporulation,  which  occurs  at  the  end  of  18  hours 
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in  tills  species,  amehoid  motility  is  entiroly  absent.  At  this  time 
the  i'lilly  developed  parasite  fills  sli<<htly  more  than  half  of  the  in- 
fected cell,  the  pigment  is  collected  at  the  center  in  a  small  compact 
almost  black  mass,  and  radial  striations  are  noted  dividing  the  para- 
site into  from  10  to  15  segments  or  inerozo'deH.  In  some  instances 
as  high  as  24  inevozolteH  haxe  l)een  ohsei'ved.  Spornlation  occurs 
within  the  red  blood  corpuscle  and  considerable  of  the  infected  cell 
is  still  undestroyed  at  the  time  that  sporulati(m  begins.  The  spor- 
ulating  forms  occur  very  rarely  in  the  peripheral  blood,  but  are 
present  in  large  numbers  in  the  capillaries  of  the  internal  organs, 
notably  the  spleen,  liver,  and  brain,  and  in  the  bone  marrow. 

In  stalnf'd  preparations,  using  the  Wright  method,  the  staining 
reactions  are  the  same  as  occur  in  Plasinodium  cicax  and  Plasnio- 
dlurn  malar'nv^  the  differential  diagnosis  resting  upon  certain  mor- 
phological features  to  be  noted  later  in  this  contribution. 

Morphology  of  Plasmodium  falciparum^  quotidianuTn.  Quotidian 
estiro-autum^nal  plasmodiumj  {Schizogony  or  Human  Cycle). — The 
quotidijin  estivo-autumnal  plasmodium,  in  the  living  condition,  is 
noticed  first  within  or  upon  the  red  blood  corpuscle  as  a  very  minute 
ring-sha})ed  or  disk-like  hyaline  body,  which  upon  close  inspection  is 
seen  to  have  a  very  active  ameboid  motion,  the  periphery  of  the 
parasite  continually  changing  in  appearance,  due  to  the  protrusion 
and  retraction  of  minute  pseudopodia.  The  outline  of  the  organism 
at  first  is  indistinct,  but  becomes  more  distinct  as  growth  proceeds, 
and  when  the  parasite  is  fully  developed  the  outline  is  very  clear  cut 
and  the  organism  is  very  refractive.  The  infected  red  corpuscle  is 
generally  smaller  in  size  than  the  normal  corpuscle,  darker  green  or 
"brassy"  in  color,  and  frequently  crenated,  and  in  many  instances 
triple  infection  of  the  corpuscle  is  observed.  In  the  peripheral  blood 
the  hyaline,  round  or  "  ring-shaped "  organisms  are  those  which 
are  most  frequently  observed,  although  a  small  number  of  the 
younger  pigmented  forms  are  not  uncommon.  The  pigment  consists 
of  a  small,  solid  block  or  mass,  almost  black  in  color,  situated  at 
some  portion  of  the  periphery  of  the  parasite,  or  at  the  center,  and 
is  never  motile.  Very  rarely  the  pigment  consists  of  fine  granules, 
but  the  granules  never  number  more  than  three  or  four. 

In  this  species  of  plasmodium  sporulation  occurs  at  the  end  of  24 
hours,  and  the  sporulating  forms  are  very  rarely  observed  in  the 
peripheral  blood,  although  blood  from  the  s])leen  taken  at  the  ])roper 
time  will  present  numerous  segmenting  organisms.  Just  befinv 
sporulation  the  plasmodium  occupies  a  little  more  than  one-fourth 
of  the  infected  corpuscle,  thus  easily  distinguishing  it  from  Pla.^- 
modiumj  vivax  or  Plasmodium  malari(v^  which  entirely  fill  the  red 
blood  cell  When  fully  developed.     As  sporulation  begins  the  pigment 
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collects  in  a  small  perfectly  spherical  mass  at  the  center  of  the  para- 
site, and  radial  striations  may  be  detected  dividing  it  into  from  16 
to  18  very  minute  round  or  oval  segments,  or  merozoites.  While  in 
infections  with  the  tertian  and  quartan  plasmodia  it  is  often  almost 
im])ossible  to  distinguish  the  remains  of  the  red  corpuscle  when 
sporulation  occurs,  in  this  species  it  can  be  plainly  seen  that  sporu- 
lation  occurs  before  the  corpuscle  is  entirely  destroyed,  as  the  sporu- 
lating  organism  occupies  less  than  half  of  the  cytoplasm  of  the  red 
cell. 

In  stained  specimens  this  species  presents  the  same  staining  reac- 
tions as  the  other  malaria  plasmodia,  but  differentiation  is  compara- 
tively eas}^  owing  to  the  minute  size  of  this  organism. 

The  morphology  of  the  various  malaria  parasites  so  far  described 
is  that  peculiar  to  the  forms  that  develop  alone  in  man,  but  in  every 
variety  of  malarial  infection  certain  forms  of  the  plasmodia  are 
noted  that  are  intended  to  complete  their  life  cycle  within  the  mos- 
quito, and  which,  so  far  as  definite  evidence  now  goes,  never  com- 

EXPLANATION  OF  PLATE  6. 

Figure  1. — Plasmodium   falciparum.      (Estivo-autumnal    plnsmodium.)      Young 

parasites.     The  so-called  "  ring  forms."     Wright's  stain.     X   1200. 
Figure  2. — Plasmodium   falciparum.      Sporulating   parasite   and   several   young 

"  ring  forms."    Wright's  stain.     X  1800. 
Figure  3. — Plasmodium     falciparum.      Sporulating    parasite.      Wright's    stain. 

X   1S00. 
Fi(jure4. — Plasmodium  falciparum.     Free  spores  or  merozoites.     Wright's  stain. 

X  l.')00. 

pTete  a  life  cycle  within  man.  These  forms  are  Iniown  as  gametes 
and  probably  develop  from  sporo2oites  in  answer  to  certain  influences 
produced  upon  the  schizonts  by  life  within  man.  ^Miile  certain 
authorities  belie\e  that  the  gametes  are  introduced  as  such  by  the 
moscjuitoes  or  develop  from  certain  differentiated  sporozoites,  the 
great  mass  of  evidence  is  in  favor  of  their  development  within  man 
from  certain  schizonts.  for  it  is  well  Imown  that  they  do  not  appear 
until  an  infection  has  lasted  for  several  days,  and  never  appear  if  the 
infection  is  pioperly  treated.  These  forms  will  now  be  described, 
but  before  doing  so  it  will  be  necessary  to  briefly  sketch  the  life  cycle 
of  the  malarial  plasmodia  within  the  mosquito  in  order  to  under- 
stand the  names  applied  to  the  various  stages  during  this  cycle  of 
deveh)])nient. 

/>crelojf7fu:nt  of  the  malaria  plasmodia  within  the  mosquito 
(Sporogony  or  mosquito  cycle). — In  tertian  and  quartan  infections 
certain  of  the  plasmodia  are  observed  that  do  not  sporulate,  but 
remain  unchanged  in  the  blood  of  man  until  they  are  renpved,  when 
clianges  occur  that   normally   sho\ild  occur  in   the  stomach   of  the 
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mosquito.  These  bodies  are  circiihir  in  shape  when  fully  developetl 
and  can  be  dillerentiated  in  both  the  living  condition  and  in  stained 
preparations.  Likewise,  in  the  estivo-autuninal  infections  certain 
bodies  are  developed,  of  typical  crescentic  shape,  the  s<3-called  "cres- 
cents," that  only  undergo  develoi)nient  within  the  mosquito.  These 
bodies  while  in  the  blood  of  man  are  known  as  (janietes  and  are 
sexually  dillerentiated,  the  male  being  known  as  the  microyame- 
toc(/tc  and  the  female  as  the  macrogametoryte.  When  they  reach 
the  stomach  of  the  moscjuito  the  male,  or  microgainetocyte^  lilxirates 
(lagella,  which  are  known  as  mlcroyametes^  and  which  serve  to  fer- 
tilize the  female  macroyametocyte^  which,  after  certain  maturation 
I)henomena,  is  now  known  as  the  niacroyamete.  This  process  may 
rarely  be  observed  in  preparations  of  blood  removed  some  time  from 
the  body  if  a  little  moisture  be  present  on  the  slide  and  the  tempera- 
ture be  suitable.  The  fertilization  of  the  macroyamete  occurs  nor- 
mally in  the  middle  intestine  of  the  mosquito  and  the  result  of  the 
fertilization  is  known  as  the  sporont.  After  a  certain  period  of 
time  the  sporont  elongates  and  becomes  motile  and  is  then  known  as 
the  ookinete.  The  ookinete  penetrates  the  wall  of  the  middle  intestine 
of  the  mosquito  and  eventually  becomes  situated  between  the  adi- 
pose tissue  and  the  muscular  wall  of  the  intestine.  Here  the  organ- 
ism becomes  circular  in  shape  and  forms  a  cyst  known  as  the  oocyst. 
At  this  stage  the  cytoplasm  is  reticular  and  granular  in  appearance, 
the  pigment  is  reduced  in  amount,  and  the  entire  organism  is  inclosed 
in  a  well-defined  capsule.  The  oocyst  is  formed  at  about  the  third  or 
fourth  day  after  infection  of  the  mosquito.  About  the  fifth  or  sixth 
day  the  oocyst  enlarges  and  w^ithin  it  are  formed  spherical  refractive 
bodies  known  as  sporohlasts.  At  this  stage  the  organism  is  so  greatly 
increased  in  size  that  it  projects  from  the  intestinal  wall  and  may  be 
seen  with  a  low^-power  objective.  At  the  end  of  a  week  the  sporo- 
hlasts have  produced  a  large  number  of  delicate  filaments  having 
pointed  extremities  and  containing  a  small  amount  of  chromatin, 
which  are  called  sporozoltes.  They  are  about  14  microns  in  length  and 
are  arranged  in  a  ray-like  formation  about  a  central  mass  in  the 
sporohlast.,  w^hich  may  contain  pigment.  The  sporozoltes  are  finally 
liberated  in  the  body-cavity  of  the  mosquito  by  the  rupture  of  the  cyst 
and  make  their  way  to  the  tubules  of  the  salivary  glands.  At  this 
time,  if  the  infected  mosquito  bites  a  man,  the  sporozoltes  will  be 
inoculated,  taken  up  by  the  blood  stream,  and  penetrating  the  red 
blood  corpuscles,  develop  into  schlzonts  and  thus  begin  the  human 
life  cycle  of  plasmodia.  The  entire  life  cycle  in  the  mosquito  varies 
from  10  to  14  days  in  duration. 

Having  thus  briefly  reviewed  the  mosquito-cycle  of  the  malaria 
Plasmodia,  we  will  now  consider  the  morphology'  of  those  forms 
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which  occur  in  the  blood  of  man  and  which  are  intended  to  complete 
their  development  in  the  mosquito. 

Morphology  of  the  sexual  forms  of  the  plasmodia  occurring  in 
the  hlood  of  man. — The  forms  of  the  malaria  plasmodia  concerned 
in  sporogony.  or  the  mosquito  cycle  of  development,  which  can  be 
demonstrated  in  the  blood  of  the  human  host  are  of  the  greatest 
importance  in  the  prophylaxis  of  these  infections,  and  their  recog- 
nition essential   in   any  scientific  campaign   against  malaria.     The 


Fig.  1. — Development  of  Plasmodium  vivax  within  the  mosquito.  1,  Ookinete;  2,  oocyst; 
3,  4,  5,  oocysts  showing  the  dovolopment  of  sporoblasts ;  6  and  7,  oocyst  showing 
development  of  the  sporozoitcs,  which  arc  fully  formed  in  7  ;  8,  sporozoites  within  a 
cell  of  the  salivary  gland;  0,  sporozoites;  10,  entrance  of  sporozoite  into  a  red  blood 
corpuscle;  11,  middle  intestine  (stomach)  of  mosquito,  showing  several  oocysts  in  the 
wmII  of  Ihe  organ.      (Original.) 

presence  of  these  sexual  forms  proves  beyond  question  that  the  indi- 
viduals in  whom  they  occur  are  infective  to  mosquitoes,  and  that  they 
are  thus  true  ''carriers''  of  malarial  disease.  The  proper  treatment 
of  these  "  carriers  "*  is  thus  dependent  upon  the  differentiation  of  the 
sexual  forms  or  gametes  and  no  malaria  survey  can  be  considered 
complete  unless  the  i)ercentage  of  individuals  showing  gametes  is 
ascertained  mul  proper  measures  be  taken  to  i-ender  them  harmless. 
As  already  stated,  the  gametes  are  sexually  differentiated,  the  male 
being  cm  lied  a  mtcroaametocyte  and  the  female  a  macrogametocyte^ 


lM!()i'lI  VLAXIS    OF    MALAlilA.  31 

but  for  onnvenience  of  description  I  shall  refer  to  them  as  the  male 
and  female  ijainete  respectively. 

^^'hilc  no  true  development  of  the  gametes  occurs  within  man, 
if  blood  containinf!^  them  Ijc  remoxed  from  the  hody,  the  male  (jamete 
frecjiiently  undergoes  flagellation  and  lil)erates  the  in'icrogamtteH^  a 
process  normally  occurring  in  the  middle  intestine  of  the  mosrpiitc). 
In  very  lare  instances  the  fertilization  of  the  female  (joviete  by  one 
of  these  micro  gametes  may  be  obsen-ed  in  the  blood  after  removal 
from  the  body,  but  this  can  only  be  regarded  as  an  accidental  occur- 
rence, as  it  normally  occurs  only  Avithin  the  infected  mosquito.  The 
differentiation  of  the  sexual  forms  or  gametes  is  not  a  very  diffi- 
cult matter,  although  the  opposite  opinion  appears  to  be  generally 
prevalent.  The  estivo-autumnal  gametes^  because  of  their  crescentic 
shape  when  fully  developed,  are  easily  recognized,  even  by  a  novice 
in  malarial  parasitology,  but  the  intracorpuscular  stages  in  the  de- 
velo])ment  of  the  gametes  of  all  of  the  species  of  plasmodia  are  more 
difficult  of  recognition,  although  with  a  clear  knowledge  of  their 
morphology  and  a  little  practice  all  of  the  stages  of  development 
may  be  differentiated  in  stained  preparations  of  ])lood.  The  fully 
developed  gam^etes  oi  Plasmodium  vivax  (the  tertian  plasmodium) 
and  of  Plasmodium  malamoz  (the  quartan  plasmodium)  are  easily 
differentiated  if  one  is  acquainted  with  their  morphology. 

In  considering  the  morphology  of  the  gametes  it  will  be  necessary 
to  describe  that  of  each  species,  as  observed  in  both  fresh  and  stained 
specimens  of  blood.  The  description  given  Avill  include  only  the 
salient  diagnostic  points,  and  will  be  found  true  of  the  vast  majority 
of  organisms,  although  frequent  deviations  will  be  observed  due  to 
artefacts  produced  during  the  staining  process  or  to  developmental 
anomalies  brought  about  b}'  adverse  conditions  in  the  human  host. 
(The  stain  used  was  Wright's  modification  of  the  Komanowsky 
method,  already  described.) 

The  gametes  of  Plasmodium  civax  {the  tertian  plasmodium). 
Fresh  preparations. — In  fresh  preparations  it  is  practically  impos- 
sible to  distinguish  the  gafnetes  of  Plasmodium  civaa'  from  the 
forms  of  the  human  life  cycle  until  they  are  fully  developed.  AVhile 
individual  gametes  may  contain  a  larger  amount  of  pigment,  which 
is  coarser  in  structure,  this  distinction  can  not  always  be  made.  How- 
ever, when  the  gametes  are  fully  de\eloped  they  may  be  easily  dis- 
tinguished, even  when  unstained,  from  the  fully  developed  forms  of 
the  human  cycle,  and  the  male  and  female  forms  can  be  readily  dif- 
ferentiated. 

The  male  Gamete  orMicrogametqcyte. — The  living  microgamet- 
ocyte  oi  Plasmodiutn-vvea3Cy\\\\Qn  fully  developed,  measures  from 
8  to  li).  microns  in  diameter,  and  almost  fills  the  infected  red  cor- 
puscle; it  is  spherical  in  shape  and  is  more  or  less  tilled  with  dark 
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brown  pigment  collected  in  small  clumps  throughout  the  cytoplasm. 
The  pigment  may  be  very  motile,  especially  just  before  exflagellation. 
and  this  serves  to  distinguish  it  from  the  female  gamete^  in  which 
the  pigment  is  motionless. 

The  phenomenon  which  distinguishes  the  living  microgametocyte 
from  the  forms  occurring  in  the  human  life  cycle  is  the  process 
known  as  flagellation,  during  which  the  microgametes  are  finally 
extruded  and  liberated  from  the  parent  organism.  The  gametes 
that  are  about  to  undergo  this  change  are  easily  recognized  because 
of  the  violent  activity  of  the  pigment  within  them,  and  the  undu- 
latory  movements  of  the  periphery  of  the  parasite,  due  to  the  flagella 
or  Tnicrogametes  moving  about  within  the  organism.  If  such  a  para- 
site be  watched  it  will  be  observed  that  eventually  a  number  of  deli- 
cate filaments  suddenly  make  their  appearance  at  the  periphery  of 
the  organism  and  lash  about  in  the  blood  plasma.  After  a  variable 
time  one,  or  perhaps  all,  of  the  flagella  or  microgametes  succeed  in 
freeing  themselves  from  the  parent  body  and  disappear  among  the 
red-blood  corpuscles.  Sometimes  these  free  microgametes  are  dis- 
covered apparently  alone  in  a  blood  specimen  by  the  movement 
which  they  impart  to  the  red  corpuscles  in  their  vicinity  and  have 
been  mistaken  for  very  minute  filarise.  Their  presence  is  sufficient 
to  stamp  the  individual  from  whom  the  blood  was  obtained  as  a 
"  carrier  "  of  malaria. 

The  female  gamete  or  macrogametocyte. — The  tertian  macrogame- 
tocyte  when  fully  developed  measures  from  9  to  11  microns  in 
diameter,  is  circular  in  shape,  and  almost  fills  the  infected  red  cell. 
The  cytoplasm  is  more  granular  than  is  that  of  the  forms  of  the 
human  life  cycle,  and  the  pigment  is  coarser  in  character  and  instead 
of  being  distributed  throughout  the  cytoplasm  is  collected  in  a 
wreathlike  manner  at  some  distance  from  the  periphery.  The  pig- 
ment is  not  motile.  The  arrangement  of  the  pigment  is  characteristic 
and  is  of  great  value  in  the  diagnosis  of  this  'gamete  in  living 
specimens. 

Stained  preparations. — ^ATiile  it  requires  considerable  practice  to 
distinguish  the  gametes  of  the  tertian  plasmodium  from  the  forms 
concerned  in  the  human  life  cycle  in  living  specimens,  it  is  quite 
easy  to  make  the  distinction  in  stained  preparations,  and  in  such 
preparations  even  the  young  gametes  may  be  differentiated  from  the 
"  ring- forms''  of  tlie  human  cycle.  The  staining  reactions  of  the 
cytoplasm  and  nucleus  of  the  malaria  plasmodia  have  already  been 
described,  and  the  only  variation  that  occurs  in  the  staining  reactions 
of  the  gametes  consists  in  the  degree  of  color  imparted  by  the  stain 
to  the  various  forms.  The  tertian  gametes  when  stained  with  the 
Wright  method  consist  of  a  mass  of  blue  cytoplasm,  inclosing  the 


I'KOl'H  Vl.AXIS    OF    MAI.AHIA.  3t3 

red-stained  chi'oniatin  :  the  unstained  portion  of  tl»e  nucleus  is  not 
.ihvays  distinct,  and  the  (/(iraete  is  considerably  larger  in  every  stajfe 
of  de\('loj)nient  tlinri  the  Hch'nont.  The  pifrnient  is  more  abundant. 
while  the  niich'iir  chrouiatin  shows  no  evidc^nce  of  division  and  dis- 
tribution thron<i;hout  the  cytophisni.  being  arran<;ed  in  small  irregu- 
hir  masses  confined  to  one  ])ortion  of  the  pai*asit<'.  oi-  in  fine  threads 
(»•  grains,  sui'rounded  by  an  iuistain<'(l  nica.  wjjich  in  turn  is  >ur- 
lounded  ))y  the  blue  cytoi)lasm. 

The  following  points  are  of  service  in  differentiating  tertian 
(jaTnefi'H  from  the  schlzonts^  or  forms  concerned  in  the  human  life 
cycle:  1.  The  young  yamete  is  never  "ringlike"  in  shape,  as  the  dot 
of  nuclear  chromatin  is  situated  within  the  circular  parasite  instead 
of  at  some  portion  of  the  pei'iphery.  This  "  bull's-eye ''  arrangement 
is  characteristic,  and  any  organism  presenting  it  may  l)e  diagnosed 
as  a  gamete.  2.  The  (jamete  is  larger  than  the  corresponding  stage 
in  the  development  of  the  Hchhont.  3.  The  pigment  in  the  gamete 
is  larger  in  amount  and  earlier  developed.  4.  The  chromatin  is  not 
distributed  in  the  cytoi)lasm,  but  occurs  in  a  clump  surrounded  by 
the  cytoplasm.    5.  Gametes  never  sporulate. 

The  male  gam^ete  or  m^icrogametocyte  varies  in  appearance  when 
stained  Avith  the  stage  of  development.  The  small,  intracorpuscular 
gametes  stain  a  pale  blue  and  contain  a  large  dot  of  intensely  red 
chromatin  situated  centrally.  The  fully  developed  muvogameto- 
cytes  present  a  very  poorly  stained  cytoplasm,  the  blue  tinge  beins: 
so  faint  in  many  instances  as  to  V)e  distinguished  with  difficulty,  the 
cytoplasm  appeai'ing  hyaline.  The  chromatin  is  large  in  amount, 
and  in  those  organisms  about  to  flagellate  it  is  collected  into  several 
masses,  which  are  arranged  about  the  periphery  of  the  organism. 
The  ])igment  is  large  in  amount  and  stains  a  greenish-blue  color. 

The  chromatin  in  the  mtcrogametocytes  is  always  larger  in  amount 
than  in  the  female  gamete  or  m^acrogainctocyte.  and  is  arranged  in 
the  form  of  rather  thick  fibi'ils  collected  in  irregular  masses  in  the 
cytoplasm,  but  all  of  them  surrounded  by  a  single  achromatic  zone, 
except  just  i)rior  to  exflagellation. 

The  fem^ale  gamete  or  macrogametocyte  of  the  tertian  plasmodium 
stains  a  very  intense  blue,  and  this  alone  serves  to  distinguish  it  from 
the  male  gamete  ov  the  schtzont.  neither  of  which  stain  so  intensely. 
The  chromatin  in  the  smallest  forms  appears  as  a  single  red  dot 
situated  near  the  center  of  the  organism,  while  in  later  stages  of 
development  several  dots  or  rods  of  this  substance  are  present,  situ- 
ated near  the  periphery  and  surrounded  by  an  achromatic  zone.  The 
chromatin  is  never  dis^'ibuted  in  the  cyto})lasm  as  in  the  schisont^ 
or  in  the  male  gainete  just  prior  to  flagellation.     Tlie   pigment   is 
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almost  black  in  color,  occurs  in  the  form  of  minute  rods,  and  is 
arranged  in  irregular  masses  near  the  periphery  or  in  a  Avreath  about 
the  center  of  the  organism. 

The  tertian  microgametocyte  may  be  distinguished  from  the  mac- 
rogametocyte^  in  stained  specimens,  by  the  pale  blue  staining  of  the 
cytoplasm  as  compared  with  the  deep  blue  of  the  macrogainetQcyte^ 
the  larger  amount  of  chromatin,  collected  in  masses  and  surrounded 
by  an  achromatic  zone,  and  the  presence  of  several  irregular  masses 
of  chromatin,  situated  near  the  periphery,  when  the  organism  is 
about  the  flagellate.  In  the  young  gametes  it  is  impossible  to  dis- 
tinguish between  the  male  and  female  forms,  except  by  the  stain- 
ing reaction  of  the  cytoplasm,  the  male  staining  a  very  pale  blue, 
while  the  female  stains  a  deep  blue. 

The  gametes  of  Plasmodium  mjalarioi  (the  Quartan  Plasmo- 
dium).— The  gametes  of  Plasm^odiuTn  malarim  are  very  similar  to 
those  of  Plasmodium  vivax,  which  have  just  been  described,  and 
for  this  reason  require  no  extended  description.  Allowing  for  the 
difference  in  the  size  of  the  two  species,  the  staining  reactions,  and 
the  differentiation  of  the  male  and  the  female  forms  are  practically 
identical,  and  the  description  of  one  can  be  used  for  the  other  if  it 
be  remembered  that  the  quartan  gametes,  at  every  stage  of  develop- 
ment, are  much  smaller  than  the  tertian. 

The  gametes  of  the  estivo -autumnal  plasmodia. — The  sexual 
forms,  or  gametes,  of  Plasmodium  falciparum  and  Plasm^odium  fal- 
ciparum quotidianum  are  commonly  known  as  "  crescents,"  and  are 
easily  distinguished  from  an}^  other  form  of  Plasmodium.  The 
presence  of  these  crescents  in  the  blood  at  once  stamps  the  individual 
as  a  "  carrier  "  of  malaria,  but  the  early  stages  of  the  estivo-autum- 
nal  gametes  are  not  crescentic  in  shape,  and  at  this  time  it  is  im- 
possible to  differentiate  them  from  the  quartan  gametes,  as  they 
are  similar  in  structure  and  in  size.  When  fully  developed  the  cres- 
cents are  easily  recognized,  and  the  male  and  female  forms  can  be 
differentiated  with  little  trouble. 

What  has  been  said  regarding  the  appearance  of  gametes  of  ter- 
tian malaria  in  the  earlier  stages  of  development  is  equally  true  of 
the  gametes  of  the  estivo-autumnal  plasmodia,  and  it  is  only  after 
they  have  assumed  the  crescentic  shape  that  they  can  be  said  to 
differ  in  morphology  from  the  tertian  or  quartan  gametes,  if  we 
exce[)t  their  size,  which  is  slightly  smaller  than  the  quartan  and 
much  smaller  than  the  tertian  gamete.  It  will  not  be  necessary, 
then,  to  describe  the  early  stages  of  development  of  these  bodies,  but 
only  their  moi-phology  after  the  typical  crescentic  shape  has  been 
acciuiied.  This  occurs  Avhile  the  parasites  are  still  within  the  in- 
fected red  coq^uscle.  and  as  the  organism  gradually  enlarges  the 
infected  cell  shrinks  about  it,  forming  an  envelope,  which  is  most 
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noticeable  between  the  j)ole.s  of  the  crescent,  where  it  forms  what  is 
known  as  the  ''l)ib"  of  the  crescent. 

As  the  (/(trneten  of  the  tertian  and  (juotidian  estivo-autiininal 
phismodia  ai'e  identical  in  nior|)holo<xy.  except  that  the  (jiiotidian 
(/amefcH  are  considerably  smalk^r  tlian  the  tertian,  they  will  not  be 
described  sej)ara(ely,  and  only  the  points  of  diagnostic  importance 
will  be  touched  ii|)on  in  the  description  of  these  stages  of  devel- 
oi)nient. 

In  the  iiv'niy  condition  the  esti\()-autiininal  (/(uncfcs,  after  reach- 
ing the  crescentic  stage,  ai'e  distinguished  by  their  tyj)ically  crescentic 
outline  and  by  the  fact  that  they  appear  to  be  extracellular,  in  the 
\ast  majority  of  instances.  The  cytoplasm  appears  granular  in 
structure,  the  female  form  being  more  granular  than  the  male,  and 
the  pigment  is  dark  brown  in  color  and  either  distributed  throughout 
the  cytoplasm  oi-  collected  near  or  at  the  center  of  the  crescent.    The 

EXPLANATION    OF    PLATE    7. 
PLATE  7. 

FiGURi;  1. — Phagocytosis  of  sporulatinj?  J'la.siiKxliinit  fnlciiHirunt.     Wright's  stain. 

X  ISOU. 
FicvHK'I.'    I'ldsitHxIiinit  fdlcijKUKin.     A  niacrogniiwtoctftc.     The  female  crescent 

or  gamete.     Wright's  stain.     X  1200. 
I'lGURK  8. — I'lasniodium  falciparum.     A  macvogamctocyte.     Tlie  female  gamete 

or  crescent.     Wright's  stiiin.     X  1500. 
KiGUHK  4. — f*lasniodiuni  falciixirnni.     A  micro(jamctocfft< .     'IMic  male  gamete  or 

crescent.     Wright's  stain.     X  1200. 

male  crescent,  or  (/amete,  is  easily  distinguished  from  the  female  by 
its  ])lump  kidney-like  shape,  the  female  crescent  being  long  and 
slender.  These  bodies  are  very  easily  recognized  in  unstained  s]>eci- 
mens  of  blood  and  in  regions  where  estivo-autumnal  malaria  is 
endemic  a  considerable  proportion  of  the  inhabitants  will  be  found 
to  sh()^^'  them  in  their  blood. 
m  In  stained  preparations  the  crescents  present  the  same  staining 
reactions  as  do  the  gametes  of  the  tertian  and  (juartan  parasites,  the 
male  crescent  staining  a  pale  blue  while  the  female  stains  intensely 
The  following  features  serve  to  distinguish  the  estivo-autumnal 
mierogametoci/tes  (males)  from  the  macroi/ametocytes  (females)  : 

1.  Shape:  The  plump  kidney  shape,  the  nmcrogametocyte  being 
long  and  slender. 

2.  Staining  reaction :  The  pale  blue  staining  of  the  cytoplasm,  the 
macrogametocyte  staining  dee])  blue. 

3.  Chromatin:  The  arrangement  of  the  nuclear  chromatin  in  the 
form  of  a  loose  network,  the  chromatin  of  the  macrogametoryfe  being 
situated  at  the  center  of  the  crescent  in  a  dense  mass. 
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4.  Pigment:  The  distribution  of  the  pigment  throughout  the  cyto- 
plasm, the  pigment  of  the  macr-og ametocyte  being  concentrated  at  or 
near  the  center. 

5.  Size :  The  Tnicrogametocytes  are  shorter  and  broader  than  the 
Tryicrogametocytes. 

I  do  not  consider  it  necessary  to  describe  more  minutely  the  mor- 
pholog}'  of  the  estivo-autumnal  gametes^  as  their  crescentic  shape  is 
sufficient  to  distinguish  tlu-m  in  eitlier  fresh  or  stained  preparations 
of  blood,  and  as  their  recognition  is  only  of  importance  in  malaria 
prophylaxis,  this  end  Avill  be  attained  by  attention  to  the  diagnostic 
points  already  mentioned.  For  a  more  detailed  description  the  reader 
is  referred  to  any  of  the  modem  works  dealing  with  the  malarial 
fevers. 

It  should  be  remembered  that  after  the  crescents  reach  the  middle 
intestine  of  the  mosquito  the  crescentic  shape  is  lost;  they  become 
circular  in  outline,  the  male  crescent  flagellates,  and  the  flagella,  or 
micTogametes^  are  liberated  and  fertilize  the  female,  as  in  the  tertian 
and  quartan  parasites,  after  which  a  similar  cycle  of  development 
occurs  in  the  mos(|nito.  The  process  of  flagellation  is  often  observed 
in  blood  removed  some  time  from  the  body,  especially  if  a  little 
moisture  is  present  upon  the  microscopic  slide. 

Important  differential  points  in  the  diagnosis  of  the  species  of 
malaria  plasmodia. — The  various  species  of  malaria  plasmodia  may 
be  easily  differentiated  in  both  fresh  blood  and  in  stained  prepara- 
tions if  cei'tain  morphological  peculiarities  of  the  plasmodia  and  the 
cells  infected  by  them  be  remembered.  The  following  points  I  have 
found  most  useful  in  differentiating  the  various  species: 

A.  Plasmodium  vivax  (tertian  piasmodium). 

Unstained  preparations. — 1.  Comparatively  large  size  of  parasite 
after  development  of  pigment.  2.  Enlargement  of  the  infected  red 
bh)()(l  corpuscle.  '■).  Active  ameboid  motility.  4.  Fine,  light-brown 
or  i-eddish-brown  pigment.  T).  Number  of  spores  or  merozottes,  12 
to  24.    ().  All  stages  of  development  present  in  the  peripheral  blood. 

Stained  preparations. — 1.  Large  size,  after  development  of  pig- 
ment. 2.  Increased  size  of  the  infected  erythrocyte.  3.  Presence  of 
Schii liner's  (h)ts  (eosinophilic  granules)  in  cytoplasm  of  infected 
erytiirocvte.  4.  Number  of  tncro'coites,  \'I  to  24.  T).  Presence  of  all 
stages  in  the  pei-ipheral  blood. 

I).  Pldxiuodiuin  iniddrid'   (({uartan  piasmodium). 

rnstaincd  prepid'attons. — 1.  Medium  size,  after  develo])ment  of 
pigment.  2.  I^igment  in  coarse,  dark-brown  fjranules.  arranged  about 
IxM-ipliciy  of  oi'ganism.  ;>.  Infected  erythrocyte  not  enlarged  at  any 
stage  of  de\eloi)iiicpt.  I.  Piesence  of  all  stages  in  peripheral  blood. 
5.   Xniiibcr  of  /fKi'o.ioiteSj  (>  to  12. 
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Stairn'jl  /N'e/)(iraf}onf(. —  1.  Medium  m/a-  oT  |)i<;iiit'iit«M|  rji«raiii.<iij.->. 
2.  No  increase  in  tin;  size  of  tlie  infected  red  hlood  corpuscle.  ^.  \\}- 
sence  of  Scliuffnei-\s  dots  (eosinopliilic  gnmnles)  in  <vtoplasin  of 
infected  cell.  4.  Number  of  spores  (rfwrozoites).  (I  to  12.  .">.  Pres- 
ence of  all  sta<^es  in  the  perii)lieral  blood,  (k  l^resence  of  the  ''hand 
forms." 

(J.  PldKf/todnim  fdlci/.utram  (tertian  estno-autumnal  plasmodium). 

('nstained  prepardtHniH. — 1.  Small  size,  even  when  fully  devel- 
oped. 2.  No  enlar<rement  of  infected  corpuscle,  which  is  smaller 
than  normal.  3.  Small  amount  of  fine  brownish  pigment.  4.  Num- 
1)(M-  of  merozotfcH^  10  to  H).  T).  Only  i  in<r  forms  and  young  pigmented 
forms  i)i'esent  in  the  peripheral  blood,  and  crescents.  <>.  Crescentic 
shape  of  the  (/anwtes. 

Std'rncd  pre /mraf /oris. —  1.  Small  size,  even  the  s|)orulatin£r  forms 
only  partly  iiiling  the  infected  cell.  2.  No  enlargement  of  the  in- 
fected corpuscle.  8.  Presence  of  Maurer's  dots  or  basophilic  gran- 
ules in  the  cytoplasm  of  the  infected  cell.  4.  Number  of  merozoites^ 
10  to  16,  as  a  rule,  very  small  and  arranged  irregularly.  T).  Only 
*' ring-forms "'  and  young  pigmented  forms  occur  in  the  peripheral 
blood,  as  a  rule,  together  with  crescents  after  the  infection  has 
})ersisted  for  several  days.     (>.  Crescentic  shape  of  the  (jainefr.s. 

I).  Plasmodium  falciparuTn  qiwtidi<inum  (cjuotidian  estivo-autum- 
nal  Plasmodium). — The  (juotidian  estivo-autunuud  plasmodium  dif- 
fers from  the  tertian  form,  in  both  fresh  and  stained  preparations, 
by  its  smaller  size  at  every  stage  of  development,  while  the  mero- 
zoHe.H  number  from  6  to  IS,  the  average  being  from  12  to  14.  The 
organism  contains  less  pigment,  which  is  collected  into  one  or  two 
almost  black  masses,  and  the  si)()rulating  forms  seldom  fill  more  than 
one-third  of  the  infected  red  blood  corpuscles.  The  hyaline  '*  ring- 
forms  ''  are  very  minute,  resembling  in  this  respect  the  piroplasma. 

Ohjccts  irh'tch  nuijj  he  mistaken  for  plasmodia  in  stained  and  un- 
stained specimens  of  hlood. — There  is  no  one  thing  more  essential  to 
success  in  the  I'ecognition  of  the  malaria  plasmodia  than  a  practical 
knowledge  of  the  miscroscopical  appearance  of  both  fresh  and  stained 
specimens  of  normal  and  pathological  blood.  It  is  surprising  how 
often  some  artefact  or  other  object  is  mistaken  for  a  malaria  plas- 
modium by  medical  men  from  whom  such  a  mistake  would  not  be 
expected,  and  it  is  always  due  to  ignorance  of  the  morphology  of 
the  blood,  an  ignorance  that  can  not  be  excused,  for  the  blood  "we 
have  always  with  us"  and  anyone  may  be  become  perfectly  familiar 
with  its  morphology  who  cares  to  take  the  time  to  nu\ke  a  few  prep- 
arations and  to  study  them.  Mistakes  are  more  ai)t  to  occur  in  ex- 
amining fresh  blood  but  a  little  care  and  practice  will  enable  one 
to  avoid  them  and  with  the  excellent  ^^'right  stain  it  is  inexcusable 
to  mistake  any  object  for  a  plasmodium  in  stained  preparations. 
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In  fre^h  specimens  of  l^lood  the  followin^f  may  be  mistaken  for 
malaria  plasmodia : 

Vacuoles. — There  is  no  object  more  deceiving  in  fresh  blood  pre- 
parations than  a  small  vacuole  within  the  red  corpuscle,  especially 
if  the  border  of  the  vacuole  alter  in  shape,  when  the  resemblance  to 
the  hyalin  disk  forms  of  the  various  plasmodia  is  really  very  strik- 
ing. The  greater  refraction  of  the  vacuole  and  the  fact  that  it  grows 
larger  and  smaller  in  focussing  up  and  down  upon  it  should  dis- 
tinguish it  from  any  stage  in  the  growth  of  the  malaria  plasmodia. 

Retraction  of  the  hemoglobin  from  the  edge  of  the  red  corpuscle 
may  sometimes  cause  the  area  devoid  of  hemoglobin  to  resemble  a 
hyalin  plasmodium,  but  it  may  be  distinguished  by  the  lack  of  ame- 
boid motion  and  the  sharp  edge  of  the  hemoglobin  layer. 

''''Eye-s])ots^^  or  areas  devoid  of  hemoglobin,  occurring  within  the 
red  curpuscles  are  sometimes  observed  in  noiinal  blood,  and  fre- 
quently in  typhoid  fever,  tuberculosis,  pneumonia,  and  other  acute 
infectious  diseases.  They  are  apparently  due  to  retraction  of  the 
hemoglobin  layer  of  the  corpuscle,  and  may  be  round,  oval,  spindle- 
shaped,  or  ring-shaped,  and  situated  at  any  portion  of  the  corpuscle. 
Many  of  them  are  oval  and  spindle-shaped  and  contain  a  dark  area 
at  the  center  resembling  pigment.  These  "  ej^e-spots "  have  been 
very  often  mistaken  for  malaria  plasmodia  and  have  been  described 
by  several  observers  as  new  blood  parasites  of  man.  The  absence  of 
distinct  ameboid  motion  and  the  greater  degree  of  refraction  should 
serve  to  distinguish  them  from  malaria  plasmodia. 

Blood  platelets. — A  blood  platelet,  if  lying  upon  a  red  corpuscle, 
resembles  slightly  the  hyalin  disk  form  of  malaria  plasmodia,  but 
upon  focussing  there  will  be  observed  a  difference  in  the  level  of 
the  two  bodies,  while  the  platelet  has  no  ameboid  motility  and  is 
less  opaque  than  the  plasmodia. 

Granules  derived  from  broken  down  leucocytes,  which  possess 
active  Brownian  movements,  may  be  confused  with  the  smallest 
forms  of  ])lasmodia  if  the}^  become  attached  to,  or  lie  over,  the  red 
blood  corpuscles.  Their  smaller  size  and  different  structure  should 
render  such  a  mistake  impossible. 

I'hc  uoiniiii  lUfhter  colored  center  of  the  red  corpuscle,  which  is 
often  hyalin  in  appearance  in  diseases  accompanied  by  anemia,  has 
often  been  c(mfused  witli  the  hyalin  malaria  plasnuKlia.  and  I  have 
several  times  been  shown  colls  of  this  character  and  told  that  they 
contained  plasnuxlia.  Such  a  mistake  is  due  to  inexcusable  igno- 
rance of  the  morphology  of  the  red  blood  corpuscle. 

Crenat'ions  of  the  red  corpuscle  may  cause  some  trouble  to  the 
U'ginnei-  if  ihey  be  looked  down  upon  directly,  as  they  then  appear 
as  round,  hyalin  bodies  lying  upon  the  red  cell,  and  are  sometimes 
slightly  motile.     However,  there  is  no  ringlike  outline,  and  when 
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focu.ssed  upon  they  appear  as  {illcinatcly  li'rlit  and  dark  areas  upon 
the  surface  of  the  red  corpuscle. 

Among  other  bodies  that  have  been  mistaken,  in  my  experien<-e. 
for  mahiria  phismodia,  and  shown  to  me,  may  be  mentioned  yeast 
cells,  bacteria  of  various  kinds,  extraneous  matter,  and  degenerating 
red  blood  corj^uscles  possessing  slender  cytophismic  processes.  I'he 
latter  ha\e  been  mistaken  for  flagellating  plasmodia,  but  the  greenish 
color  and  lack  of  pigment  should  prevent  such  a  mistake. 

In  specimens  of  blood  stained  by  Wright's  method  the  following 
have  Ix'en  mistaken  for  malarial  plasmodia: 

Blood  plates. — There  is  no  object  so  frecjuently  mistaken  for  mala- 
ria plasmodia  in  stained  ])re])arations  of  blood  as  is  the  blood 
phitelet,  especially  when  it  lies  ui)on  a  corpuscle,  but  such  an 
error  is  impossible  if  one  is  familiar  with  the  morphology  of  the 
platelet.  The  malaria  i)lasmodia  of  a  similar  size  may  always  be 
differentiated  from  the  platelets  by  their  blue-stained  cytoplasm  and 
the  solid,  compact  mass  or  masses  of  chromatin  which  stain  a  ruby 
red  color.  The  chromatin  of  the  blood  platelet  stains  a  darker 
color  and  is  distributed  throughout  the  platelet  in  the  form  of  fine 
gi'anules  or  irregular  granular  masses.  If  one  remembers  that  any 
malaria  plasmodium  the  size  of  a  blood  platelet  consists  only  of  a 
mass  of  blue-stained  cytoplasm  containing  a  solid  spherical  dot,  or 
at  most  two  dots,  of  chromatin,  it  will  be  impossible  to  confuse  it 
with  a  l)lo()d  platelet,  which  has  a  practically  unstained  cytoplasm 
iind  in  which  the  chromatin  is  granidar  and  collected  in  a  mass  or 
masses  in  the  cytoplasm.  Not  frequently  blood  platelets  may  be 
collected  in  crescentic  shaped  clumps  and  these  have  been  mistaken 
for  crescents,  but  no  one  in  the  least  familiar  with  the  plasmodia 
could  make  such  a  mistake. 

Flaws  in  the  microscopic  slide,  in  which  some  of  the  stain  has 
settled,  have  caused  confusion,  especially  if  overlaid  by  a  red-blood 
corpuscle,  but  focussing  will  show  that  they  are  on  a  diU'erent  level 
from  the  corpuscle,  and  a  study  of  the  staining  reaction  will  innne- 
diately  demonstrate  their  nature. 

Vacuoles  in  the  red  cell,  which  sometimes  retain  a  little  of  the 
stain,  may  slightly  resemble  some  of  the  stages  of  development  of 
the  Plasmodia,  but  may  be  easily  distinguished  from  the  plasmodia 
by  the  absence  of  the  blue-stained  cytoplasm  and  red  chromatin 
always  present  at  every  stage  in  the  development  of  the  malaria 
parasites. 

Among  other  objects  which  have  been  confused  with  the  plasmodia 
in  stained  smears  may  be  mentioned  degenerating  erythrocytes  and 
leucocytes,  yeast  cells,  and  other  microorganisms,  nucleated  erythro- 
cytes, basophilia  of  the  erythrocyte,  and  extraneous  bodies  of  various 
nature.     It  is  perfectly  obvious  that  a  knowledge  of  the  apiuwrance 
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of  normal  and  pathological  blood  in  stained  preparations  will  make 
such  mistakes  impossible,  and  this  is  absolutely  essential  to  one  who 
expects  to  make  microscopic  examinations  of  the  blood  for  the 
diagnosis,  and  as  an  aid  in  the  prophylaxis,  of  malarial  infections. 
In  the  military  ser^•ice  our  entii'e  system  of  prophylaxis  and  treat- 
ment of  malaria  should  be  based  upon  the  recognition  of  the  malaria 
Plasmodia  in  man  and  the  mosquito,  for  in  this  service  the  material 
is  under  absolute  control  and  such  a  basis  for  prophylaxis  and  treat- 
ment is  possible. 


ClIAITKR     IT. 
THE   MALARIA    MOSQUITOES. 


The  Culicidu',  or  iiios(iuitoes,  beloii*:^  to  the  true  flies,  or  Diptera. 
}iii(I  the  only  insects  of  this  family  of  interest  to  ns  in  tlu*  prophyhixis 
of  niahuiji  are  some  of  the  species  l)eh)n^in<r  to  the  subfamily  Anoph- 
ellnw^  for  it  is  only  species  belonging  to  this  subfamily  that  transmit 
malaria.  Tn  this  section  only  those  [)oints  of  interest  or  \alue  to  the 
student  of  malaria  prophylaxis  will  be  touched  upon,  no  attemi)t  be- 
ing made  to  give  a  complete  account  of  either  the  anatomy  or  life 
history  of  tlu»  moscjuitoes,  as  a  whole,  oi-  to  gixc  descriptions  of  the 
species  concerned  in  the  transmission  of  the  malarial  infections.  For 
a  ('omi)lete  discussion  of  the  subject  the  reader  is  referred  to  works 
of  Theobald  '.  Howard.  Dyar,  and  Knabe"',  and  Ludlow". 

(r<'0(/raj)hir<tl  (]}stiihu,fi(>ii  of  the  Anophelhia-. — M()S(juitoes  belong- 
ing to  the  AnopheliiKV  occur  wherever  malaria  does,  but  it  does  not 
follow  that  malaria  is  always  present  in  localities  where  the  Anophe- 
lirut'  are  found.  Tn  order  that  malarial  infections  l)e  present  in  any 
locality,  the  right  species  of  Anophelinrp  must  be  present,  together 
with  infected  individuals,  and  unless  both  factors  be  present  the 
propagation  of  these  fevers  is  impossible.  It  may  be  stated  that  the 
ge()gra[)hical  distribution  of  the  malaria  moscjuitoes  coincides  with 
the  distribution  of  malaria,  and  the  amount  of  malaria  in  any  given 
locality  is  an  index  of  the  number  of  the  AnopheVnKC  present. 

This  fact  is  of  great  importance  in  the  prophylaxis  of  the  disease, 
as  the  determination  of  the  presence  of  anophelines  and  of  the  exact 
s])ecies  present  enables  one  to  ax'oid  localities  inhabited  by  the  mala- 
ria mosquitoes  or  to  take  the  proper  precautions  against  infection. 
Such  knowledge^  is  of  special  \alue  in  (lie  military  service,  as  a  pre- 
liminary '' mosquito  survey"  in  the  selection  of  localities  for  camp 
sites  or  for  the  sites  of  military  posts  will  often  prove  of  inestimable 
value,  both  as  regards  the  health  of  the  troops  which  occupy  them 
and  the  cost  of  maintenance.  Several  instances  have  occurred  in 
which  this  measui'e  was  neglected,  with  the  result  that  the  camps  or 
])()sts  so  located  became  hotbeds  of  malaria  and  a  souri'e  of  continued 
and  excessive  expense,  owing  to  the  necessity  of  maintaining  costly 
prophylactic  operations.  Where  there  is  no  military  reason  for  cx'cu- 
[pying  a  malarial  locality  as  a  camp  site,  or  as  a  permanent  post,  it  is 
the  part  of  wisdom  to  avoid  doing  so.  and  the  determination  of  the 
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species  of  mosquitoes  which  may  be  present  and  the  feasibility  of 
getting  rid  of  them  should  be  as  carefully  investigated  as  the  char- 
acter of  the  water  supply,  the  terrain,  or  any  other  feature  of  the 
locality. 

The  classification  of  mosquitoes,  as  regards  genera  and  species,  is 
still  an  unsettled  question  among  entomologists,  but  in  the  following 
i:)ages  I  shall  follow  that  of  Theobald,  who  divides  the  Anophelina^  into 
several  genera,  each  containing  several  species.  Of  the  genera  given 
by  Theobald,  the  following  contain  species  that  have  been  proven  to 
transmit  malaria:  Anopheles^  Myzomy'ia.  Stethomyia^  Pyretophorus^ 
Arrihalza(/ia,  Myzorhynchus,  Nyssorhynchus^  and  Cellia. 

For  convenience  of  reference  I  have  prepared  the  following  table, 
giving  the  geographical  distribution  of  the  species  of  mosquitoes 
which  have  been  proven  to  transmit  the  malarial  fevers.  The  table 
can  not  be  considered  as  complete,  as  observations  are  being  continu- 
ally published  demonstrating  the  transmission  of  these  infections  by 
hitherto  unsuspected  species  of  the  Anophelinoe^  but  it  will  serve  as 
a  guide  to  the  commonly  observed  species  w^hich  transmit  malaria  in 
the  regions  mentioned. 

Locality.  Species  of  malaria  mosquitoes. 

I 

United  States Cell'ia  albimanus,  Cellia  argyritnrsis,  Anopheles  macuUpennis,  Anopheles 

quadrimaculatus ,  Anopheles  crucians,  Anopheles  intermedium ,  Anopheles 
pseudomaculipes,   Anopheles   pseudopunctipennis,   Anopheles   tarsima- 
i      culata. 

West  Indies I   Cellia  albimanus,  Cellia  argyritarsis. 

Canal  Zone,  Panama \  Cellia  argyritarsis,  Cellia  albimanus,  Anopheles  pseudopunctipennis,  Ano- 

[      pheles  iarsimaculata. 

Philippine  Islands I  Myzomyia  funesta,   Myzorhynchus   sinensis,    Myzorhynchus  barbirostris, 

t       Myssorhynchus fuliginosus ,  Myzomyia  ludlonii? 

Central  and  South  America '  Anopheles  albipcs,  Pyretcphnrus  lutzii,  Cellia  argyritarsis,  Cellia  albimanus. 

Anopheles  pseudnmaculipes,  Anopheles  intermedium ,  Anopheles  cruzii. 

Europe ,  Anopheles    macuUpennis,  Anopheles    bifurcafvs.  Anopheles  superpictus, 

!       Myzomyia  hispaniola,  Myzorhynchus  pseudopictus. 

Asia Myzomyia  culicifacies,  Myzomyia  listonii.  Myzomyia  turkhu^i,  Myzorhyn- 

I      chus  barbirostris,  Myzorhynchus  sinensis,  Nyssorhynchus  theobaldi,  Nys- 
I      sorhynchus stephensii ,  Nyssorhynchus fuliginosus,  Nyssorhynchus  maculi- 
palpis,  Pyretophorus  jeyporensis . 

Africa I  Myzomyia  funesta,  Myzomyia  nili,  Myzorhynchus  barbirostris,  Myzorhynchus 

paludis,  Cellia  pharoensis,  Pyretophorus  costalis,  Pyretophorus  chaudoyci. 

Tf  one  desires  to  follow  the  classification  of  Howard,  Dyar.  and 
Knab,  the  generic  names  in  the  above  table  should  all  be  replaced  by 
the  generic  name.  Anopheles. 

The  ntimher  of  infected  mosquitoes  in  meilarial  regions. — It  is 
obvious  that  the  number  of  mosquitoes  infected  in  dilferent  localities 
will  wwy  with  the  number  of  infected  individuals  present,  the  sea- 
son of  the  year,  certain  atmospheric  conditions,  and  the  care  observed 
by  the  inhabitants  in  protecting  themselves  from  the  bites  of  mos- 
quitoes. At  the  ])resent  time  we  have  no  evidence  that  the  infection 
in  the  m()s(]uito  is  hereditary,  so  that  it  follows  that  every  infected 
inos(iuito  must  have  become  infected  from  a  human  beinff,  and  one 
infected    individual   may   infect  scores  of  mosquitoes  within  a   few 
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lioiii.s.  In  practice  it  has  l)oeii  found  tliat  even  in  the  worst  malarial 
re<^ions  a  surprisingly  small  percentage  of  mosruiitoes  examined  i«re 
found  infected,  if  one  considers  the  actual  number  of  infected  indi- 
vi(hials  present  and  the  apparent  chance  of  infection  of  the  mos(|uito. 

In  Italy  Celli  found  only  2.5  per  cent  of  the  AnophideH  examined 
by  himself  infected;  A.  Plehn,  in  Africa,  examined  8f)0  Anophelen 
and  found  2.2  })er  cent  infected:  La  Monaco  found  about  5  per  cent 
infected;  and  the  Sergents,  in  Algiers,  found  1.0  pei-  cent  infecte(l. 
At  Camp  Stotsenburg,  in  the  Philippine  Islands,  the  percentage  of 
naturally  infected  mosquitoes  varied  greatly,  being  as  high  as  o."> 
per  cent  during  the  height  of  the  mahirial  season  and  as  low  as  1 
per  cent  at  other  times. 

The  species  of  mosquito  in  relation  to  the  transmission  of  ma- 
laria.— It  is  now  a  well-established  fact  that  certain  of  the  Anophe- 
lino'  do  not  transmit  malaria  and  can  not  be  infected  experimentally. 
The  observations  of  Stephens  and  Christophers  in  India  showed 
that  while  12  of  259  Myzomyia  culicifacies  dissected  by  them  shown 
infection  with  malarial  sporozoites,  not  a  single  one  of  49G  Myzomyia 
rossii  showed  infection,  w^hile  Hirshberg  found  that  out  of  58  Ano- 
pheles piinctipennis  experimentally  none  developed  an  infection, 
while  of  48  Anopheles  maculipennis  8  became  infected.  In  the  Canal 
Zone  Darling^  found  that,  in  his  experiments,  70.2  per  cent  of 
Cellia  {Anopheles)  albim,amfs  became  infected;  60  per  cent  of  Ano- 
pheles tarsimoculata^  and  12.9  per  cent  of  Anopheles  pseudopunrti- 
pennis.  On  the  other  hand,  he  found  it  impossible  to  infect  Anopheles 
m^alefactor^  which,  as  he  says,  despite  its  name,  is  not  a  factor  in  the 
transmission  of  malaria  in  the  Canal  Zone. 

From  these  observations  it  is  evident  that  even  though  anopheliues 
may  be  present  in  a  locality,  it  does  not  follow  that  malaria  is  present 
or  that  the  disease  could  spread  if  it  were  introduced.  In  other 
words,  the  right  species  of  Anopheles  must  be  present  in  order  to 
transmit  the  infection,  and  hence  it  folloAvs  that  the  determination 
of  the  species  present  in  any  locality  becomes  an  im]')ni-tant  pro- 
phylactic measure. 

Not  onl}^  are  some  of  the  Anophelino'  unable  to  act  as  hosts  of  the 
malaria  plasmodia  but  some  species  can  only  act  as  host  for  a 
certain  species  of  plasmodium,  so  that  the  prevalence  of  the  dif- 
ferent types  of  malaria  in  any  locality  depends  upon  the  species 
of  mosquito  present.  Beyer.  Pothier,  Couret,  and  Leman'^  have 
shown  that  while  Anopheles  (juadrlmaculatifs  became  infected  ex- 
perimentally with  the  tertian  and  quartan  plasmodia  it  was  impos- 
sible to  infect  it  with  the  aestivo-autunmal  plasmodium,  while,  on 
the  other  hand,  Anopheles  crucians  was  shown  to  be  a  host  to  the 
aestivo-autunmal  plasmodium  but  could  not  be  infected  with  the 
tertian  or  quartan  plasmodia.     Kinoshita '"'  found   that   Anopheles 
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i^biensis  could  be  infected  with  tiie  phisniodia  of  tertian  and  quartan 
malaria  but  not  with  those  of  aestivo-autunmal  malaria,  and  that 
the  (|uartan  plasmodium  only  developed  in  this  species  of  moscjuito 
at  low  temperatures.  He  also  has  shown  that  Anopheles  Ustoni  is 
the  great  transmitter  of  the  aescivo-autumnal  plasmodia  in  Formosa. 
Many  observers  have  proven  that  the  common  Anopheles  maculi- 
peiinis  is  an  efficient  host  for  all  of  the  species  of  malaria  plasmodia. 

The  observations  noted  explain  clearly  y\\\\  certain  localities  suf- 
fer more  severely  than  others  from  certain  types  of  malarial  infec- 
tion, (liven  a  locality  in  which  only  Anopheles  crucians  occurred 
and  we  would  have  nothing  but  aestivo-autumnal  infections,  as  this 
mos(iuito  is  unable  to  transmit  the  tertian  or  (juartan  plasmodia, 
but  if  Anopheles  quadrlmaculatus  were  the  only  anopheles  present, 
we  might  lune  either  tertian  or  quartan  infections  but  no  aestivo- 
autunmal  malaria.  It  is,  therefore,  evident  that  a  mosijuito  survey 
is  not  only  of  value  in  determining  whether  dangerous  species  of 
Anopheles  are  present  or  not.  but  that  it  will  also  aid  us  in  estimat- 
ing the  probability  of  the  spread  of  the  various  types  of  malarial 
infection. 

General  description  of  the  Anophelinw. — The  following  brief  de- 
scription of  the  anatomy  of  the  Anophelimt  only  includes  the  points 
of  value  in  the  ditt'erentiation  of  these  mosquitoes  or  that  are  essen- 
tial to  a  clear  understanding  of  the  relation  that  these  insects  bear 
to  tlu'  transmission  of  malaria. 

Ed'ternal  anatomy. — All  mosquitoes  are  divided  into  three  well 
mai'ked  areas  for  purj^oses  of  description:  the  head,  the  thorax,  and 
the  abdomen. 

'i'he  head,  presents  upon  each  side  a  prominent  compound  eye, 
llic  space  separating  the  eyes  above  being  known  as  the  occiput^  and 
that  sei)ii lilting  the  eyes  in  front  as  the  vertex;  the  back  of  the  head 
is  called  the  nape  or  neck.  The  structures  of  greatest  importance 
from  a  diagnostic  standpoint  attached  to  the  head  are  the  antenna' 
Mud  the  palpi,  for  attention  to  these  structures  alone  is  generally 
sufficient  to  enable  one  to  distinguish  between  the  Anopheliiuv  and 
other  inosiiuitoes.  The  (tntenna>  are  two  jointed  structures  arising 
iVoiii  the  head  and  \ary  in  length  and  structure.  In  the  male  they 
are  |)hiinose  but  in  the  female  they  ai*e  surrounded  by  hairs,  in  most 
s|)e('ies.  so  that  the  sex  of  a  mos(]uito  is  easily  determined  by  noting 
whether  the  antenna'  terminate  in  minute  plumes  or  whether  they 
Mi*e  suri-ounded  by  hairs  that  become  shorter  as  the  end  of  the 
antenna  is  reached.  As  only  the  females  suck  blood  the  determi- 
nation of  the  sex  is  of  ini]>ortance  in  any  study  of  the  prexalence 
of  malaria. 

The  pidpi.  two  in  luimber,  arise  from  the  head   between  the  an- 
tenmt   and  the  prohoxcis,  and  are  of  value  in  the  differentiation  of 
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the  Anophel'twi'^  as  in  tliis  t^roup  the  i>al p't  are  of  j)ractically  the  same 
l('ii*2^th  as  tlie  prohoHc'iH  and  l()n<^er  than  the  antcniui^  while  in  (' nlf 
and  Steyomijld  the  palpi  in  the  female  are  short,  club-like  structures, 
\ery  nnich  shortei*  than  the  proboscis  or  antenrut^.  As  a  practical 
\vorkin<i^  iiilc  it  may  l)e  stated  that  any  female  inoscpiito  having 
IKilpi  a|)proximating  the  len<;th  of  the  prohosc'tH  helongs  to  the 
AnophcVirtd'  and.  therefore,  may  l)e  concerned  in  the  transmission  of 
malaria. 

The  pvobosciH^ov  sucking  and  piercing  organ,  is  a  c(jmj)K'X  structure 
arising  from  the  head  between  the  palpi.  It  consists  of  seven  parts, 
the  labnim.  the  epipharynx,  the  hypopharynx,  two  mandibles  or 
lancets,  and  two  maxilhe,  which,  when  the  insect  is  not  biting,  are 
all  inclosed  in  the  labium.  All  of  the  mouth  parts  originate  l)eneath 
the  cUipeuH,  a  chitinous  prolongation  of  the  antei'ior  portion  of  the 
head.  At  the  base  of  the  hj/poph(iryn.r  is  situated  the  so-called 
sidirary  pump  in  which  the  salivary  duct  empties  and  is  continued 
beyond  it  into  the  hypopharynx.  The  action  of  this  pump  is  to 
draw  the  saliva  from  the  salivary  glands  into  the  pumping  organ 
after  which  it  is  forced  into  the  channel  along  the  hypopharynx. 
The  saliva  is  injected  into  the  wound  when  the  moscjuito  bites  and 
with  it  the  malarial  sporozoites  if  the  insect  is  infected. 

The  thora.i'. — The  thorax  is  situated  between  the  head  and  abdomen 
and  is  e<imposed  of  the  mesothorax^  the  scutellurris  the  prothoraeie 
lobes,  ami  the  posterior  portion,  or  metathora^e.  It  contains  the 
sali^'ary  glands  and  is  of  importance  to  entomologists  in  the  classi- 
fication of  mosquitoes,  because  of  the  character  of  the  scales  which 
cover  it.  The  leys  arise  from  the  thorax,  and  are  six  in  number, 
j'ud  the  two  irinys  arise  fi'om  the  upper  portion  of  the  thorax  and 
their  venation  is  of  great  importance  in  classification. 

The  abdomen. — The  abdomen  consists  of  10  segments,  the  posterior 
two  being  much  smaller  than  the  others  and  containing  the  sexual 
oi'gans.  The  scales  that  cover  the  abdomen  in  most  species  are  of 
considerable  value  in  classification  to  the  systematic  entomologist, 
as  they  vary  greatly  in  shape  and  arrangement. 

The  internal  anatomy  of  the  Atiophelina'. — The  alimentary  canal 
of  mosquitoes  is  divided  into  a  fore-yut^  a  mid-yut.,  and  a  himl-yut. 
The  fore-gut  lies  in  the  head  and  thorax  and  consists  of  the  mouth, 
the  pharynx,  and  pum])ing  organ,  the  esophagus  and  the  esophageal 
diverticula.  The  mid-yut  begins  in  the  thorax  and  extends  from 
the  eso])hageal  diverticula  to  the  hind-gut.  filling  most  of  the 
abdominal  cavity.  It  consists  of  the  so-called  stomach  and  tb.e 
pylorus.  The  j^ortion  of  the  mid-gut  known  as  the  **  stomach  "  is 
of  special  interest  to  the  student  of  malaria  })i'()phylaxis.  for  it  i^  in 
this  portion  that  the  mos(|uito  cycle  of  the  malaria  })lasmodin  l)egins. 
the  ookinete  produced  by  the  fertilization  of  the  female  plasmodium 
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by  the  male  penetrating  the  wall  of  this  portion  of  the  intestinal 
canal  and  forming  the  cyst  in  which  are  produced  the  sporozoites. 
This  portion  of  the  mid-gut  lies  at  about  the  level  of  the  sixth  ab- 
dominal segment. 

The  hind-gut  begins  at  the  pyloric  dilatation  into  which  open  the 
five  Malpighian  tubes  and  ends  at  the  anus.  It  consists  of  the 
pyloric  dilatation,  the  ileum,  the  colon,  and  the  rectum. 

The  (jen'dal  organs^  while  of  great  importance  to  the  entomologist 
in  the  classification  of  species,  will  not  be  described,  as  they  can  not 
l)e  used  for  this  purpose  by  the  ordinary  observer. 

The  salivary  glands. — The  salivary  glands  are  situated  in  the  ante- 
rior portion  of  the  thorax  and  are  of  interest  because  it  is  through 
them  that  the  malaria  sporozoites  reach  the  mosquito's  proboscis 
and  eventually  the  blood  of  man,  being  injected  into  the  wound  when 
the  insect  bites.  The  glands  are  two  in  number,  each  consisting  of 
acini  lined  with  large  granular  cells  and  possessing  a  central  duct 
which  unite,  after  leaving  the  acini,  to  form  a  common  salivary  duct 
which  enters  the  alimentary  canal  close  to  the  base  of  the  proboscis. 
It  is  in  the  cells  lining  the  tubular  salivary  glands  that  the  malaria 
sporozoltes  are  found  at  the  termination  of  the  cycle  of  development 
of  these  parasites  in  the  mosquito. 

2' he  life-cycle  of  the  Anophelinw. — The  Anophelince,  in  common 
with  all  mosquitoes,  passes  through  larval  and  pupal  stages  before 
development  into  the  perfect  insect  and  these  stages  are  aquatic  so 
far  as  we  know. 

The  ova. — The  ova  of  Anopheles  are  generally  laid  upon  the  sur- 
face of  water  but  a  few  species  will  lay  them  in  wet  ground,  as  I 
have  observed  in  the  Philippines.  The  eggs  are  not  laid  in  boat- 
shaped  masses,  as  in  the  case  of  the  common  Culex  mosquitoes,  but 
singly,  and  b}^  adhering  end  to  end  geometrical  patterns  are  some- 
times produced  that  are  (juite  characteristic.  The  distinguishing  mark 
ol"  the  eggs  of  the  Anophelincv  is  the  presence  of  the  so-called  '*  float." 
a  hydrostatic  oi-gan  composed  of  a  partial  envelope  expanded  along  the 
Mii<ldle  of  the  egg.  giving  it  a  very  characteristic  appearance.  These 
liiUral  (loats  are  \  ariously  marked  in  the  eggs  of  different  species  and 
\  ary  in  size  but  are  always  easily  distinguished  and  of  the  greatest 
service  in  ditl'er(Mitiatiiig  the  anopheline  Qg^^  from  that  of  other  mos- 
(piitoes.  The  eggs  are  oval  in  shape  and  eggs  hatch,  in  most  species, 
in  from  one  to  two  days,  but  this  varies  so  nnich  with  external  condi- 
tions and  with  the  ditl'erent  species  that  a  general  statement  is  hardly 
justified.  From  thirty  to  over  a  hundred  eggs  may  be  deposited  by  a 
single  fenuile. 

The  eggs  will  remain  alive  in  moist  mud  for  considerable  periods 
of  time,  even  as  long  as  (>  days,  but  can  not  resist  complete  drying  for 
over  12  liours,  so  far  as  is  luiown.    This  fact  is  important,  as  it  indi- 
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Egg  raft.     Ciikx  territans  NN'alk. 


After  HoAa.-.J 


After  Howard. 
Egg.     Stegomyia/aticiata. 


After  Howard. 
Egg.     Anophehs  crucians. 
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catcs  tliat  drainage  of  pools  or  otiior  .small  rol  left  ions  of  water  will 
not  be  ellicieiit  if  the  mud  remains  moist  until  water  a^ain  gains  ae- 
( CSS  lo  the  pool.  The  observations  of  Nuttall  and  Shipley  '*  and  of 
(  hristophers  and  Stephens,^^  as  well  as  others,  prove  conclusively 
that  the  eggs  of  the  AnophelincB  will  remain  alive  in  moist  mud  for 
days  but  that  in  dried  mud  tiiey  quifkly  [)erish. 

The  larva'. — The  larva'  of  the  Anophclinn'  are  distinguished  from 
the  larva;  of  other  mos(iuitoes  by  the  elongated,  comparatively  narrow 


Via.  '1. — Larva  or  AnophelCH  and  Culea-.  1, Larva  of  anophelin^.  Note  horizontal  posi- 
tion in  relation  to  surface  of  the  water,  and  the  absence  of  syphon  (Ai.  2,  Larva  of 
Culex.  Note  anj?ular  position  in  relation  to  surface  of  the  water,  and  presence  of  the 
syphon,  at  A.     (Fig.  1,  after  Howard;  2,  after  Theobald.) 

head  and  the  absence  of  the  respirator}'  tube  or  siphon.  Like  the 
adult  insect  the  body  is  divided  into  three  portions — the  head,  the 
thorax,  and  the  abdomen.  While  in  the  ordinary  Cidex  mosquitoes 
the  head  is  comparatively  broad,  in  the  anopheline  larviv  it  is  narrow 
and  elongated  and  easily  distinguished.  The  inqxirtant  dirt'erential 
point,  however,  is  the  great  ditl'erence  in  the  birathing  ai)[)aratus, 
the  long  respiratory  tube  of  Culex  and  Stegomyla  being  replaced  by 
openings  in  the  eighth  abdominal  segment,  which,  while  slightly 
raised,  force  the  larva?  to  lie  parallel  with  the  surface  of  ihc  water. 
The  long  respiratory  tubes  of  all  other  mosquitoes  allow  them,  when 
breathing,  to  suspend  themselves  at  an  angle  with  the  surface  of  th^ 


48  PROPHYLAXIS    OF    MALARIA. 

water,  but  owing  to  the  absence  of  the  respiratory  tube  in  the  Ano- 
phelin/i^  the  larvae  always  lie  horizontal  to  the  surface.  This  fact 
makes  the  differentiation  of  these  larvae  very  easy,  but,  as  Ludlow^'^ 
has  pointed  out,  other  aquatic  larvae  have  this  peculiarity,  ?o  that 
one  must  be  familiar  Avith  mosquito  larv.T  before  concluding  that 
anophelines  are  present. 

The  larva'  vary  in  color,  but  are  usualh^  gi'^iy  or  brownish.  The}^ 
molt  four  times  before  becoming  pupae,  and  the  length  of  this  stage 
of  develoi)ment  varies  greatly,  the  average  probably  being  from  10 
to  14  days,  although  it  has  been  observed  to  be  as  short  as  a  week 
and  as  long  as  80  days.  It  varies  with  different  species  and  with 
external  conditions. 

7^ he  puixv. — The  pupal  stage  of  development  is  probably  the 
shortest,  averaging  about  two  days,  but  varying  between  two  and 
six  days  according  to  temperature  and  other  external  conditions. 
The  pupa'  are  not  easily  differentiated  from  those  of  other  mosqui- 
toes, and,  therefore,  will  not  be  described. 

The  adult  mosquito  or  imago. — After  a  period  of  develo})ment 
varying  in  time,  but  usually  in  from  two  to  four  days,  the  pupa 
rises  to  the  surface  of  the  water,  remains  there,  and  the  skin  over 
the  thorax  breaks  open  and  liberates  the  adult  insect.  This  process 
has  been  very  accurately  described  by  Hurst^*,  to  whose  work  the 
reader  is  referred. 

Hahifs  of  moHquitocs  of  importance  in  the  prophylaxis  of  mala- 
ria.— A  knowledge  of  the  habits  of  the  larvae  and  the  adult  anopheline 
is  of  imi)()rlauce  in  the  })r()p]iy]axis  of  nuilaria.  for  the  better  ac- 
(juainted  one  is  with  this  i)ortion  of  our  subject  the  easier  will  be  the 
application  of  methods  looking  to  the  destruction  of  these  insects. 

TLfhtfs  of  the  lamp. — I  have  already  spoken  of  the  position  of  the 
lai\a'  of  anophelines  being  parallel  with  the  surface  of  the  water, 
and  this  position  is  maintained  unless  the  larva  is  frightened,  when 
it  will  sink  below  the  surface.  It  feeds  u])on  floating  objects,  which 
arc  atti-Mcled  to  the  mouth  by  the  fringes  of  the  nunuh  parts  J^ro- 
ducing  a  cuirent  toward  the  mouth.  The  larva*  eat  both  vegetable 
and  animal  niattei*  and  devoui'  one  another. 

The  larva'  of  some  sj^ecies  of  Anopheles  are  able  to  hihernate,  as 
shown  by  the  observations  of  Galli-Valerio  and  de  Jongh.  They 
found  that  the  larva'  of  Anopheles  hJfureatus  hibernate  beneath  the 
leaN-es  of  a(|uatic  plants,  and  that  they  survived  even  when  in  water 
betwiMMi  two  sheets  of  ice. 

or  the  natural  (  nemies  of  nios(]uiio  larva'  may  be  mentioned  the 
fievh  w.iitM-  livdra^.  many  acpiatic  insects,  salamanders,  and  certain 
species  of  iish.  to  be  hereiifter  considered. 

Hahifs  of  the  aihilt  anopheles — Feeding. — The  feeding  habits  of 
the  species  of  anophelines  that  frequent  the  habitations  of  man  are 
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of  iinportnncc  in  prophylaxis.  It  may  In*  stated  that  while  many 
species  of  aiiophelines  are  of  sylvan  character,  all  of  the  species  thai 
lia\c  come  in  contact  with  man  and  liave  continued  in  assfx-iation 
with  him  ai*c  bloodsuckers,  and  that,  even  in  the  sylvan  species, 
blood  is  a  noiinal  food,  bein<^  obtained  from  other  animals  than  man. 
It  is  not  true  that  a  meal  of  blood  is  necessary  to  the  female  before 
depositing  her  e;jf^>  or.  as  lia>  l)een  stated,  thiit  the  feitilization  of 
the  female  is  impossible  uidess  she  has  sucked  blood,  (irassi  found 
that  AttophelcH  will  bite  lar<je  jinimals  in  prefei'ence  to  small  ones — a 
horse  beinof  bitten  in  i)reference  to  a  man — and  that  they  bite  in 
the  open  as  well  as  in  liabitations.  The  first  meal  of  blood  is  taken 
two  or  three  days  after  the  insect  emerges  from  the  pupa,  as  shown 
by  Darling  and  (yrassi,  and  they  will  bite  at  intervals  of  a  few  houi*s. 

It  is  well  known  that  during  rains  it  is  seldom  that  one  is  bitten 
by  an()[)helines,  but  that  aftei"  the  cessation  of  the  shower  they  are 
very  vicious.  This  is  especially  noticeable  in  the  Tropics  during  the 
rainy  season.  The  effect  of  temi)erature  upon  the  feeding  hal)its  is 
idso  very  marked,  a  high  temi)erature  apparently  stimulating  the 
biting  propensities  of  most  species  of  anophelines. 

The  time  of  day  in  which  the  anophelines  bite  is  an  important  pro- 
phylactic point.  Most  species  of  the  Anophelinfc  fly  during  the 
twilight  hours,  and  it  is  during  this  time  that  one  is  most  frecjuently 
bitten.  While  this  is  true,  I  have  seen  various  species  of  Anopheles 
biting  in  the  late  afternoon,  and  M yrcomynt  funestd^  a  common  ma- 
laria mos(iuito,  biting  in  the  early  morning  and  even  at  noon  in 
the  Philii)pines. 

Anophelines  will  bite  during  the  night  if  the  temperature  is  high, 
iis  in  the  hot  portions  of  the  Middle  West,  but  where  the  nights  are 
cool,  even  though  they  may  be  present  in  great  numbers,  they  bite 
only  during  the  twilight  hours  and  in  the  early  morning.  A  beau- 
tiful illustration  of  the  twilight  habits  of  the  anophelines  is  noted 
in  the  observations  upon  the  Canal  Zone  regarding  the  flights  of 
Anopheles^  in  which  it  was  found  that  the  flight  of  these  insects  from 
the  propagation  area  to  the  town  began  about  0.80  in  the  evening 
and  that  it  ceased  before  9  in  the  evening,  while  the  return  flight 
began  at  0  o'clock  in  the  morning  and  lasted  about  half  an  hour. 

After  biting,  the  ano})helines  usually  hide  out  of  doors,  within  a 
.^hort  distance  of  habitations,  beneath  tall  grass,  or  within  the  foliage 
of  bushes  and  trees.  However,  they  often  remain  within  the  habita- 
tion, and  I  have  observed  hundreds  of  anophelines  in  the  daytime 
laround  the-  baseboards  of  toilet  sinks  and  upon  clothing  in  dark 
(dosets  in  the  Philippines. 

AVhile,  as  has  been  said,  most  anophelines  prefer  the  twilight 
hours  for  biting,  they  will  bite  at  any  hour  of  the  day.  Chagas  ant  I 
Neiva  ^•\  Smith  ^",  and  Howard^^  all  have  recorded  distances  in  which 
58000°— 14 4 
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biting  occurred  during  the  middle  of  the  day,  in  the  sunlight,  but 
prophylactic  measures  based  upon  the  twilight  habit  would  prevent 
the  vast  majority  of  bites. 

Flying  distance.— In  most  of  the  older  publications  dealing  with 
mosquitoes  it  is  stated  that  they  do  not  cover  great  distances  in  flight. 
This  statement,  in  the  light  of  our  modern  researches,  can  no  longer 
be  considered  correct,  even  in  regard  to  the  Anophelince.  In  1909  ^8, 1 
published  a  statement  that  from  personal  observations  I  believed  that 
certain  species  of  Anopheles  often  flew  from  2  to  2^  miles  in  order 
to  reach  the  post  where  the  observations  were  made,  and  this  state- 
ment, being  so  much  at  variance  with  generally  received  opinions 
regarding  the  flight  of  anophelines,  was  subjected  to  much  criticism 
by  entomologists.  Since  then  my  observations  have  been  confirmed 
by  workers  upon  the  Canal  Zone  and  by  James  and  Christophers  in 
India  ^^  as  well  as  others,  and  it  is  now  well  recognized  that  while 
anophelines  prefer  to  breed  near  their  prey,  they  will  fly  long  dis- 
tances in  order  to  lay  their  eggs  or  to  feed,  provided  there  are  no 
breeding  places  in  the  near  vicinit}^ 

The  experiments  of  the  department  of  sanitation  in  the  Canal  Zone 
in  regard  to  the  flight  of  anophelines  are  of  special  interest  and  value. 
In  their  report  they  say  ^": 

Adult  anopheles  were  stained  with  dye  and  liberated  at  the  swamp.  Subse- 
quently some  of  them  were  collected  on  the  opposite  side  of  the  river,  at  the 
locks,  and  in  houses  4,700  feet  from  the  liberating  station.  It  should  be  stated 
that  the  anopheles'  flight  was  decidedly  marked  and  was  easily  noted  by  half  a 
dozen  witnesses,  when  their  attention  had  been  drawn  to  it.  Even  so,  not  one 
person  in  areas  thickly  infested  did  note  tlie  flight  until  shown  the  way  to  ob- 
serve it. 

Regarding  the  flight  of  the  anopheles  the  report  states: 

The  flight  was  from  west  to  east  and  quite  marked.  As  it  became  darker  the 
qnanlily  of  flying  an()i)lio]es  increased,  and  by  looking  at  a  dark  object  against  a 
clear  sky  lunidred  of  anopheles  could  be  seen  passing  by. 

The  inoscjuitoes  flew  from  the  propagation  area  in  a  swamp  to 
(latun,  and  some  of  the  breeding  places  were  more  than  2  miles  from 
Ciatun. 

At  Mian  Mir,  James  found  adult  mosquitoes  present  when  no 
larva'  conhl  be  found  within  2  and  2|  miles,  and  Le  Prince-^  deter- 
mined tliat  (\H}a  {Anoj)hcles)  nlh'nnanus.  the  principal  transmitter 
of  inalai-ia  in  the  Canal  Z(me,  will  travel  against  a  4-mile  breeze  for 
distances  of  a  mile,  and  possibly  farther. 

'Hie  confusion  regarding  the  distance  of  flight  of  anophelines  is 
undoubtedly  partly  due  to  observers  studying  diflerent  species,  but 
while  it  is  probably  true  that  the  majority  pi-efer  to  fly  short  distances 
in  order  to  reach  their  food,  it  nuist  be  recognized  that  these  mos- 
quitoes are  capable  of  flying  for  two  or  more  miles,  and  this  fact 
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is  of  f^i-cat  importance  in  tlic  pi-ophylaxis  of  malaria.  It  is  more 
tliaii  j)r()l)al)l('  that  much  h>n.ir<M'  distances  can  be  covered  by  intei- 
iii])ted  fli<!:iit.  and  tiiat  tiic  anophclines  aiv  not  an  exception  to  the 
rule  tiiat  moscjuitoes  will  lly  for  <j^reat  distances  in  or(ler  to  reach 
their  food  or  their  breeding  places. 

Breedim/  placen. — Contrary  to  our  older  notions  regarding  the 
l)reedin<2:  places  of  anophelines  we  now  know  that  these  mos(juitoes 
may  breed  in  i)ractically  any  collection  of  water,  cxcn  thoujrh  there 
he  (piite  a  current  present.  AVatson  --.  in  the  Federated  Malay  States, 
found  that  X i/.'^sorhi/nchus  ir'tll mor'f  will  breed  in  mountain  streams 
where  the  current  is  swift,  and  that  the  larva*  of  this  species  is  capa- 
ble of  swinuning  against  the  current  of  these  streams.  As  a  rule 
the  anophelines  prefer  to  breed  in  comparatively  clean  water,  as 
that  found  in  slowly  running  streams  or  in  pools  of  rain  water, 
but  they  will  breed  in  foul  water  and  have  been  found  in  sewers. 
Paddy  fields,  storage  tanks,  wells,  ditches,  pcmds.  gutters,  (h-ains, 
and  springs  are  all  favorite  breeding  })laces  of  anophelines.  some 
species  preferring  one  phice  and  some  another.     As  Theobald  states: 

riactically  all  kinds  of  collections  of  water  are  acceptsible  to  the  larvic; 
sonu'  prefer  i-aiii-wator  barrels,  cisterns,  and  tlie  water  in  tins,  calabashes, 
and  jam  pots;  others  ponds,  slow  runnint;  streams,  and  alonj;  the  l)anks  of 
iarfjje  rivers;  others  live  in  the  water  collected  in  bromelias,  and  in  tlie  water 
lliat  collects  in  hollow  bamboos,  jjaining  their  entrance  thronjrh  exit  holes 
left  by  borint;  insects.  The  domestic  species  which  are  best  loiown  usnaliy 
choose  barrels  and  cisterns. 

In  the  Philippines  a  favorite  breeding  phice  of  anophelines  was 
the  cavity  left  after  cutting  ori'  bamboo  })oles  near  a  joint.  In  the 
latter  part  of  the  rainy  season  I  have  found  hirvae  in  nearly  every 
bamboo  pole  examined,  and  at  Camp  Stotsenburg,  where  temporary 
(|uarters  for  a  large  number  of  troops  were  built  of  this  material, 
anophelines  became  a  veritable  scourge  and  malaria  increased  to 
such  an  extent  that  it  was  found  necessary  to  remove  the  larger  part 
of  a  brigade  which  had  been  stationed  there. 

Among  the  breeding  places  of  an()i)lielines  which  are  most  likely 
to  be  overlooked  may  be  mentioned  the  small  depressions  in  the 
ground  produced  by  the  hoofs  of  animals  or  the  inecjualities  left  in 
plowed  land.  In  the  troi)ics,  during  the  rainy  season,  such  breeding 
places  are  sometimes  very  numerous  and  furnish  a  considerable  pro- 
portion of  the  mosquito  population.  Another  source  of  mosquitoes 
generally  overlooked  is  the  water  that  collects  at  the  bases  of  the 
leaves  of  certain  plants,  especially  the  Bt'omertacav.  Lutz  -'"  found 
Anopheles  crusii  breeding  in  the  water  collected  by  the  leaves  of 
these  plants  and  other  observers  have  confirmed  his  results. 

It  has  also  been  determined  that  some  species  of  Anopheles  will 
breed  in  brackish  or  salt  water.     Among  these  species  may  be  men- 
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iioned  Anopheles  crucians.  Myzomyla  ludlowii,  Anopheles  quadr'i- 
macutatus^  Cellia  {Anopheles)  alhimanus,  Cellia  {Anopheles)  (U'dt/- 
ritarsis.  and  Anopheles  tarsimaculata. 

From  this  very  brief  discussion  of  the  breeding  phices  of  the 
Anophelinm  it  is  evident  that  in  niahiria  prophjdaxis  the  practical 
point  to  remember  is  that  no  collection  of  water,  however  minute, 
should  be  considered  as  of  no  importance  as  a  breeding  place  for  these 
insects.  As  Smith  has  well  said,  the  Anopheles  breed  ^^e  eery  where. '■ 
and  therefore  every  collection  of  water  should  be  carefully  examined 
before  it  is  considered  free  from  the  larvae  of  these  insects. 

Certain  colors  in  relation  to  the  Anophelinw. — It  is  a  well  known 
fact  to  anyone  having  experience  with  mosquitoes  that  they  prefer 
dark  to  light  colors  and  that  a  person  dressed  in  black  is  much  more 
apt  to  be  bitten  repeatedly  than  a  person  dressed  in  white.  The  re- 
searches of  Xuttall  and  Shipley-"^  have  shown  that  .1.  iruiculipennis 
is  very  partial  to  certain  colors,  and  this  is  probably  true  of  other 
species  of  anophelines.  They  found  that  dark  blue  was  the  most 
attractive  color  to  them  and  that  pale  green,  light  blue,  orange,  and 
yellow  actually  appeared  to  repel  them.  They  call  attention  to  the 
khaki  uniform  as  especially  suitable  because  of  its  lack  of  attraction 
for  the  insects. 

Longevity  and  hibernation. — Our  knowledge  regarding  the  longev- 
ity of  the  Anophelinoi  is  still  incomplete,  but  we  know  that  the  life 
of  the  male  is  only  a  few  days  and  that  the  females  of  different 
species  vary  greatly  in  length  of  life,  some  living  for  weeks  only, 
while  those  that  hibernate  ma}^  live  for  many  months. 

In  temperate  climates  the  winter  is  passed  b}'  most  anophelines  in 
the  adult  stage  of  development,  the  females  alone  hibernating. 
Although  this  is  so,  the  anophelines  may  pass  through  the  winter 
in  the  ova  or  as  larva'.  The  females  that  hibernate  are  fertilized, 
and  only  lay  their  eggs  in  the  spring,  although  if  a  warm  spell 
occurs  during  the  winter  some  of  them  will  emerge  from  their  hid- 
ing places  and  bite,  and  may  thus  cause  outbreaks  of  malaria  even 
in  the  middle  of  winter. 

In  the  Tropics  the  adult  anophelines  hibernate  during  the  hot  dry 
seiuson  and  lay  their  eggs  at  the  beginning  of  the  rainy  season.  As 
l()n<X  J^!^  tl>^'  wcalher  is  dry  very  few  anophelines  will  breed  in  the 
Tropics,  but  the  beginning  of  the  rainy  season  is  always  marked  by 
an  imuieuse  inci'ease  in  the  number  of  these  mosqtiitoes,  and  breeding 
places  are  i'asily  found. 

During  hibernation  the  adult  insects  may  be  found  in  cellars,  out- 
houses, stables,  under  the  roofs  of  unceiled  habitations,  in  dark 
closets,  in  hollow  ti\'es.  or  under  shelving.  In  these  situations  they 
may  be  found  in  hundreds,  or  even  thousands,  and  if  disturbed 
appear  sluggish  and  only  flv  for  short  distances. 
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I  have  already  called  attention  to  tlie  faet  that  the  ova  of  anophe- 
lines  will  withstand  dryinfj^  for  some  time,  and  I  am  of  tiie  opinini 
that  in  the  Tropics  nniny  si)ecies  would  cease  to  exist  were  it  not  for 
this  propeity,  owin<r  to  the  lon<j:  dry  season  and  the  comparatively 
small  ninnher  of  hil)ernatin<^  females. 

As  regards  the  niunher  of  (/eneratiort^  diirinfr  a  season  onr  knowl- 
edge is  very  incomplete.  According  to  the  observations  of  Kidagin  -'' 
the  anophelines  have  only  one  generation  annually.  He  calls  atten- 
tion to  the  fact  that  the  female  anopheline  does  not  lay  her  ('il)l.>  all 
at  (me  time  and  states  that,  in  temi)erate  regions,  the  egg-laying  ex- 
tends throughout  the  entire  summer,  and  tliat  the  adult  moscjuitoes 
derived  from  these  eggs  do  not  lay  eggs  until  the  following  year. 
His  observaticms  extend  over  sev- 
eral years  and  are  the  most  ac- 
curate that  we  possess  upon  this 
subject. 

Xothing  is  known  regai'ding 
this  subject  in  respect  to  the  mos- 
quitoes of  the  Tropics. 

Resting  position  of  adults. — 
The  resting  position  of  adult 
anophelines  and  the  position  as- 
sumed when  biting,  the  twc»  be- 
ing practically  identical,  offers 
one  of  the  easiest  and  most  valu- 
able methods  of  differentia^ting 
between  them  and  other  mos- 
quitoes. When  resting  upoa  a 
flat  surface,  as  a  wall,  mos(]uit.oes 
belonging  to  the  Anophellna^ 
Avith  few  exceptions,  form  a  dis- 
tinct angle  with  the  surface,  the 
insect  resting  ui)()n  the  first  two  pairs  of  legs,  the  last  pair  floating  in 
the  air  or  held  out  straight  behind  it.  The  angle  formed  by  the  body 
of  the  moscjuito  and  the  surface  varies,  but  sometimes  is  nearly  a  right 
angle.  The  only  exceptions  to  this  rule  among  the  anophelines 
commonly  observed  is  Myzomyia  {Anopheles)  culirifacies,  whii'h 
rests  upon  a  surface  in  the  same  position  as  a  Culex  mosquito,  and 
i^yretophoriis  {Aiiopheles)  xiipo-pirtui^  and  Myzomyia  {Anopheles) 
hisp(fniol((,  which  assume  a  per]^en(licular  position  in  reference  to  the 
wall. 

The  position  assumed  by  othof  mos(piitoes.  as  (^>/l(.)'.  Stef/ornyia, 
etc.,  is  well  described  as  "  humpljacked,"  the  abdomen  approaching 
the  resting  surface  while  the  thorax  is  distinctly  higher  than  any 
other  portion   of   the  body,   thus    giving  the   humped   ai)pearance. 


Fk;.  3. — Comparison  of  resting  position  of 
Anopheles  and  Citlex.  1.  resting  posi- 
tion of  Culex,  on  vertical  surface :  2, 
resting  position  of  Anopheles  on  vertical 
surface.  (The  resting  position  upon  a 
horizontal  surface  may  be  observed  by 
turning  the  page  so  that  the  vertical 
line  becomes  horizontal.) 
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Whatever  the  position  of  a  mosquito,  it  can  ahvays  be  determined 
whether  it  is  an  anopheline  by  attention  to  the  relative  position 
of  the  proboscis  to  the  body.  In  the  A?iophelincB  the  proboscis  is 
always  in  a  direct  line  with  the  rest  of  the  body  when  the  insect  is 
resting  upon  a  surface,  while  in  all  other  mosquitoes  the  proboscis 
forms  an  angle  with  the  abdomen.  This  peculiarity  is  easily  recog- 
nized and  gives  the  anopheline  a  distinctly  "  business-like  "  appear- 
ance, the  entire  body  of  the  insect  resembling  a  boring  instrument. 

Practical  points  in  the  differentiation  of  the  Anophelinee. — The  fol- 
lowing practical  points  may  prove  of  use  in  the  differentiation  of 
anophelines  from  other  mosquitoes  in  their  various  stages  of  develop- 
ment: 

1.  The  ova. — The  ova  of  the  Anophelince  are  never  found  in 
masses,  but  are  laid  single  upon  the  surface  of  the  water,  the  ends 
often  being  connected,  thus  forming  geometrical  patterns.  They  are 
further  distinguished  by  the  possession  of  lateral  "floats,"  which 
never  appear  on  the  ova  of  other  mosquitoes. 

2.  The  larvm. — The  larvae  of  the  Anophelince  are  easily  distin- 
guished from  those  of  other  mosquitoes  by  the  absence  of  the  long 
respiratory  tube  or  siphon.  Because  of  this  the  anopheline  larva  is 
compelled  to  lie  parallel  with  the  surface  of  the  water,  while  other 
moscjuito  larvae  hang  head  downward  at  an  acute  angle  with  the 
surface  of  the  water.  In  addition  the  small,  narrow  head  of  the 
anopheline  larva  distinguishes  it  from  other  mosquito  larvae. 

8.  The  imago  or  adult. — The  following  points  distinguish  the 
adult  anopheline  from  other  adult  mosquitoes: 

a.  The  relative  length  of  the  palpi  and  the  proboscis. — In  the 
Anophelimf  the  palpi  of  the  female  are  as  long  as  the  proboscis, 
while  in  other  mosquitoes  the  palpi  are  much  shorter  than  the  pro- 
boscis. The  iiniles  are  distinguished  from  the  females  by  their 
plumose  palpi.  By  attention  to  this  simple  detail  any  mosquito  ma}^ 
at  once  be  placed  so  far  as  its  relation  to  the  Anophelinev  is  concerned. 

h.  The  angle  of  the  prohoscin  with  the  hody. — The  proboscis  in 
the  anophelines  never  forms  an  angle  with  the  rest  of  the  body  but 
continues  in  a  direct  line  Avith  it,  as  already  stated. 

('.  The  resting  position. — When  resting  upon  a  surface  most  of  the 
Atiophf  Iin(c  form  a  distinct  angle  with  the  surface,  while  other  mos- 
(jiiitoes  appear  lnnni)backe(l  owing  to  the  fact  that  the  abdomen  is 
nearer  the  surface  than  the  thorax. 

d.  The  spotted  jrings. — Mdst  of  the  AnophvUna  have  s]>otted  wings 
an<l  while  some  other  mos(]uitoes  also  present  spots  upon  these  struc- 
tures it  is  A  good  piactical  rule  to  always  regard  with  suspicion  any 
mosquito  having  si).)tted  wings,  as  the  chances  are  altogether  in 
fav(H'  of  its  being  an  anopheline. 
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PLATE  10. 


ANOPHELES  AND   CULEX   LARV/E   IN    NATURAL  POSITION    IN   WATER. 

(HOWARD.) 
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FEMALE  ANOPHELES   IN   CHARACTERISTIC   STINGING   POSTURE. 


Photograph  of  the  model  (X  75)  in  the  American  Museum.     Magnification  of  figure  about  10 

diameters. 
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METHODS    OF    COLLECTING    AND    DISSECTING    MOSQUITOES. 

T\w,  following  directions  Un  the  collection  and  dissection  of  ano- 
phelines  aie  all  that  are  necessaiv  for  one  engaged  in  practical 
prophylactic  work.  No  attempt  is  made  to  describe  methods  of 
breeding  the  insects  or  of  experimentation,  as  these  phases  of  the 
subject  relate  more  distinctly  to  the  laljoratorv  than  to  work  in 
the  field. 

Collection. — The  ova  of  the  Anophelince  may  be  collected  from  the 
breeding  places  with  a  white  agate  ware  dipper,  i)iit  it  should  be 
remembered  that  they  are  very  inconspicuous  and  have  to  be  searched 
for  very  carefully. 

The  l(irv(v  may  be  collected  in  a  dipper  from  the  breeding  places 
by  slightly  muddying  the  water  of  puddles  or  shallow  streams  when 
they  are  more  easily  observed  by  reason  of  their  grayish  color.  In 
small  receptacles,  water  barrels,  etc.,  the}'  can  easily  be  collected  with 
the  dipper.  The  adult  insects  are  easily  captured  by  the  use  of  a 
collecting  tube.  At  night  they  may  be  attracted  by  placing  a  lamp 
in  such  a  position  that  a  portion  of  the  wall  is  but  slightly  lighted, 
when  it  will  be  found  that  the  mosquitoes  gather  at  the  junction  of 
the  shaded  area  and  can  be  easily  captured.  For  this  purpose  a  large 
test  tube  or  a  small  straight  glass  cylinder  may  be  used,  the  open 
end  being  placed  over  the  mosquito  as  it  rests  upon  the  wall,  then 
slightly  moved  across  the  surface  of  the  wall,  when  the  insect  will 
fly  to  the  closed  end,  whereupon  the  open  end  is  removed  quickly 
from  the  wall  and  plugged  with  cotton.  If  it  is  desired  to  kill  the 
insects  a  small  amount  of  cotton  saturated  with  chloroform  is  placed 
at  the  bottom  of  the  tube  and  covered  with  a  disk  of  perforated  card- 
board, after  which  the  tube  is  used  as  described.  The  utmost  care 
should  be  used  to  avoid  breaking  the  wings  or  otherwise  injuring 
the  insects  if  the}'  are  to  be  sent  away  for  identification. 

As  the  identification  of  the  species  of  mosquitoes  in  any  region 
may  be  a  matter  of  great  military  importance,  every  etlorl  should 
be  made  by  medical  officers  to  have  the  species  identified  in  the 
localities  in  which  they  are  serving.  For  this  purpose  the  chloro- 
form killing  tube  should  be  used  to  capture  the  mosquitoes,  after 
which  they  are  carefully  slid  from  the  tube  into  a  small  box  con- 
taining absorbent  cotton.  Great  care  should  be  taken  to  avoid  touch- 
ing the  insects  or  allowing  the  chloroform  in  the  killing  tube  to  come 
in  contact  with  them.  Not  more  than  three  or  four  moscpiitoes 
should  be  placed  in  a  box,  and  a  label  should  be  })astetl  upon  the 
cover  giving  the  place,  date,  and  hour  of  collection,  and  any  othei- 
data  that  is  thought  useful.  If  the  box  is  to  be  maiUnl  it  should  be 
inclosed  in  a  larger  box  and  packed  carefully  in  cotton. 
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The  dksection  oj  mosquitoes. —To  many  the  thought  of  dissecting 
a  mosquito  conjures  up  an  amazing  amount  of  difficult3%  largely 
owing  to  the  small  size  of  the  object  to  be  dissected.  As  a  matter 
of  fact  anyone  possessing  the  most  rudimentary  knowledge  of  labo- 
ratory technique  should  have  no  trouble  in  dissecting  these  insects 
and  demonstrating  the  presence  or  absence  of  malarial  infection  in 
them  after  having  once  been  shown  the  really  simple  technique. 

In  order  to  make  good  dissections  the  following  apparatus  is 
necessary:  Microscopic  slides  and  cover  glasses,  fine  dissecting 
needles,  a  good  dissecting  microscope,  and  some  normal  salt  solution. 
A  compound  microscope,  of  course,  is  necessary  for.  studying  the 
development  of  the  malaria  plasmodia,  but  malarial  infection  of 
the  mosquito  may  be  demonstrated,  in  many  instances,  with  the  high 
powers  of  the  dissecting  microscope.  The  parts  of  the  mosquito  of 
special  interest  to  one  engaged  in  the  prophylaxis  of  malaria  are  the 
salivary  glands  and  the  portion  of  the  mid-gut  of  the  mosquito 
known  as  the  stomach. 

Dissection  of  the  salivary  glands. — To  make  a  perfect  dissection 
of  the  salivary  ghinds  of  the  mosquito  requires  considerable  skill, 
but  it  is  comparatively  easy  to  secure  portions  of  the  glands  suffi- 
ciently perfect  to  allow  of  demonstrating  the  sporozoites. 

The  salivary  glands  are  situated  within  the  thorax,  lying  ventrally. 
commencing  at  the  posterior  portion  of  the  neck  and  ending  at  the 
level  of  the  first  pair  of  legs.  The  simplest  way  of  securing  them 
for  examination  is  to  cover  the  insect  with  salt  solution  and  place 
it  ui)()n  the  stage  of  the  dissecting  microscope  in  such  a  position  that 
the  head  is  toward  the  dissector's  hand.  Then,  with  the  needle  in 
the  left  hand  steadying  the  thorax,  the  chitinous  coA^ering  of  the 
thorax  just  back  of  the  neck  is  incised,  and  then  gentle  traction  is 
made  with  the  needle  in  the  right  hand  upon  the  head,  separating  ii 
gently  from  the  body.  If  the  operation  has  been  successful  it  will 
be  noted  that  a  minute  bit  of  white  tissue  has  been  extracted  with 
thi'  head,  and  uj^on  examination  with  the  compound  microscope  it 
will  be  observed  that  in  this  bit  of  tissue  lie  the  salivary  glands,  or 
])()rti()ns  of  them.  This  tissue  should  now  be  removed  from  the  head 
witli  M  fine  lu'cdlc  and  placed  u])on  a  microscopic  slide  in  a  dro])  of 
?i(irin:il  saline. 

In  order  to  determine  the  presence  of  malaria  sporozoites  the 
pr('|)aiM(  ion  should  be  eoveivd  with  a  cover  glass,  gentle  pressure 
applied,  and  examined  with  a  one-sixth  inch  or  one-twelfth  inch 
ol)jeetive.  If  sporozoites  are  ])resent  they  will  appear  as  fine,  hyalin, 
(•ur\(M|  I'ods.  lying  within  the  colls  or  ducts  of  the  gland  or  fiTe  in 
the  salt  solution  in  great  numbers.  They  often  occur  in  masses  or 
side  bv  side  and  niea--ure  about  14  micros  in  lenjrth. 
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PLATE  11. 


TYPICAL  ANOPHELINE   MOSQUITO. 
Note  long  palpi  and  spotted  wings.     (Ludlow.) 
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Ciil^.x  /^//^<»/76' Wlodomann.  ^ 


TYPICAL  CULICINE   MOSQUITO. 
Note  short  palpi  and  unspotted  wings.     (Ludlow.) 
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D'tHsect'ton  of  the  ^'"stomach"  of  tkr  ntOH(ja}to. — To  dissect  that 
portion  of  the  ini(l-<^iit  of  the  nios<|iiito,  known  as  the  "stomach." 
the  following  proccchire  is  reconinien(h'(| : 

The  insect,  from  which  the  wings  and  legs  have  Ijeen  removed  by 
cissors,  is  moistened  with  a  little  alcohol  or  salt  solution  arid  the!) 
placed  hack  downward  upon  the  glass  stage  of  the  dissecting  micro- 
scope or  upon  a  ghiss  slide  phiced  upon  the  stage.  Using  a  needle 
in  the  left  hand  to  steady  the  insect,  a  nick  is  made  in  the  chitin  of 
the  thorax  on  either  side  as  near  the  posterior  end  as  possible:  the 
left  needle  is  now  placed  firmly  ui)on  the  thorax  and  the  right  upon 
the  last  abdominal  segment,  and  gentle  traction  exerted  by  the  right 
hand,  when  between  the  separating  segments  a  white  mass  of  viscera 
is  observed  which  contains  the  mid-gut,  hind-gut,  Malpighian  tubules, 
and  ovaries,  or  may  contain  only  a  portion  of  these.  The  mid-gut 
is  sei)arated,  and  will  be  found  to  consist  of  an  anterior  tubular  i)or- 
tion  and  a  posterior  sacular  portion,  which  is  the  so-called  '*  stom- 
ach''  of  the  mosquito  and  which  contains  the  malarial  cysts  or 
zygotes  if  they  be  present.  This  portion  of  the  mid-gut  is  placed 
upon  a  slide  and  examined  with  a  one-sixth  lens;  but  if  it  contains 
blood  it  should  be  discarded,  as  in  this  case  the  zygotes  are  apt  to  be 
overlooked. 

If  the  fully  developed  cysts  are  present,  they  may  be  seen  with  the 
one-sixth  lens  projecting  from  the  wall  of  the  stomach  or  appar 
entl}^  embedded  in  the  wall.  They  may  often  be  picked  up  (juickly 
by  attention  to  the  presence  of  pigment,  for  some  of  them  contain 
a  small  amount  of  melanin.  The  earliest  stage  observed  is  an  oval 
or  spherical  body  about  8  microns  in  diameter  and  containing  more 
or  less  pigment,  which  may  oi'  may  not  be  motile.  As  the  zygotes 
increase  in  size,  a  well-defined  capsule  or  cyst  wall  develops,  an<l 
when  the  sporozoites  have  developed  they  may  be  seen  packing  the 
cysts,  which  have  become  so  large  that  they  may  be  observed  with 
a  one-third-inch  lens.  The  j)igment  decreases  in  amount  as  the 
zygotes  develoj),  and  when  they  ai'e  fully  developed  many  of  them 
are  entirely  devoid  of  pigment. 

For  a  more  minute  description  of  the  technicjue  of  the  examination 
of  mosquitoes  and  of  the  morphology  of  the  malaria  plasnunlia 
within  tlu*  mos(|uito,  the  reader  is  referred  to  any  of  the  larger 
works  upon  the  malarial  fevers  which  are  given  in  the  list  of  refer- 
ences in  this  bulletin. 


Chapter  III. 

PROPHYLACTIC    METHODS    BASED    UPON    THE    DESTRUCTION    OF 

MALARIA   MOSQUITOES. 

In  the  prophylaxis  of  the  malarial  infections  the  following  meas- 
ures have  been  found  efficient  in  practice:  1.  The  destruction  of 
the  mosquitoes  transmitting  the  infection ;  2.  The  protection  of  man 
from  the  bite  of  mosquitoes;  3.  The  destruction  of  the  malaria 
Plasmodia  while  in  the  blood  of  man.  Theoretically,  any  one  of  these 
methods  Avould  be  sufficient  to  prevent  malarial  disease  could  it  be 
applied  in  an  ideal  manner,  but  practically,  it  is  but  seldom  that 
one  is  successful  without  the  aid  of  the  others,  and  it  is  generally 
necessary  to  combine  them  all  in  order  to  achieve  the  fullest  success 
in  the  prevention  of  malaria  in  any  locality. 

In  this  chapter  will  be  considered  those  methods  of  malaria  pro- 
phylaxis that  depend  for  their  success  upon  the  destruction  of  the 
mosquitoes  transmitting  the  disease,  and  in  applying  these  methods 
it  is  necessary  that  one  have  knowledge  of  the  life  history  of  the 
Anophelincv  to  the  extent  comprised  in  the  data  given  in  the  pre- 
ceding chapter.  It  is  obvious  that  before  applying  most  of  the 
methods  mentioned  in  this  chapter  it  will  be  necessary  to  make  a 
uK)S(iuito  survey  of  the  localit}^  one  is  working  in.  thus  determining 
\\  liether  malaria  mosquitoes  are  present  or  not,  tlieir  breeding  places, 
and  the  preventive  methods  most  applicable  and  economical  for  the 
j-egion  investigated. 

The  prophylaxis  of  malaria  b}^  the  destruction  of  mosquitoes  is 
the  ideals  met Jiod  of  prophylaxh\^\\QVQ  conditions  are  such  as  to  render 
(he  destruction  of  these  insects  practicable,  but  in  the  military  serA^ce 
such  methods  nnist  neceSvSaril}^  be  restricted  to  more  or  less  permanent 
( :iiii])s  or  to  permanent  posts,  as  most  of  them  are  impracticable  upon 
(he  march  or  in  eninps  of  short  duration.  In  man}^  regions  in  the 
I'nited  States  where  military  posts  are  located  it  is  believed  that  the 
malaria  ])resent  could  be  entirely  eradicated  by  the  adoption  of  meth- 
ods looking  to  the  destruction  of  mosquitoes,  and  this  may  also  be 
(rue  of  isolated  instances  in  our  tropical  possessions,  but  in  most 
regions,  especially  in  the  Tropics,  the  most  that  we  can  hope  to  accom- 
plish in  the  way  of  uiosquito  destruction  is  to  greatly  reduce  the  num- 
l)ei'  of  tlu^  insects,  '\\u\  '\\\  sucli  localities  other  methods  of  prophylaxis 
inus(  be  \\^v(\  in  conjunction  with  the  destruction  of  (he  mosquito. 
58 
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The  malsuia  mosciuitocs  may  l>e  destroycMl  at  any  stage  in  their  de- 
v('l()|)iiK'nt,  but  most  of  tlie  pi-ophyhictic  methods  depend  for  succebJ 
upon  tlie  destruction  of  the  insect  (hiring  the  larval  and  adult  stage. 
the  larva.'  being  destroyed  by  the  abolition  of  the  c(jllections  of  water 
in  which  they  have  developed  or  by  larvacides,  and  the  adult  insects 
by  various  chemical  agents  or  other  measures.  The  most  important 
measures  consist  in  the  abolition  of  the  breeding  places  of  the  mos- 
(juitoes  by  leveling,  drainage,  and  clearing,  and  if  they  can  be  carried 
out  in  an  eflicient  manner  they  are  the  most  valuable  that  we  possess, 
and  in  the  vast  majority  of  instances  are  capable  (;f  geatly  redufing. 
if  not  almost  eradicating,  malarial  disease.  Unfortunately,  the  ter- 
rain often  renders  the  application  of  these  measures  very  expensive 
and  other  prophylactic  methods  are  substituted,  but,  where  it  is  pos- 
sible, 1  believe  that  these  measures,  although  the  first  cost  may  be 
great,  should  be  the  ones  adopted,  as  they  produce  i)ei'manent  results 
and  in  the  case  of  many  of  our  Army  posts  would  banish  malaria 
from  the  sick  report. 

Drainage. — If  possible  all  large  breeding  places  of  mosquitoes 
should  be  drained,  if  they  can  not  be  filled  in  or  otherwise  abolished. 
If  filling  in  is  feasible,  this  is  the  better  method,  but  the  relative  cost 
of  the  two  methods  must  be  considered  for  each  locality  and  the 
choice  made  as  to  which  will  be  the  cheaper  and  most  efficient. 

If  drainage  is  decided  upon,  the  question  arises  as  to  the  particular 
kind  of  drainage  to  be  used.  In  many  temperate  and  subtropical  re- 
gions open  ditches  may  be  used,  provided  the  edges  are  kept  free  from 
plants  and  alga?  and  there  be  enough  slope  to  give  a  compara- 
tively swift  current.  Otherwise,  the  open  ditch,  although  it  may 
drain  a  larger  body  of  water,  simply  becomes  a  moscjuito  breedery, 
and  this  is  almost  sure  to  happen  in  the  Tropics,  where  it  is  practically 
impossible  to  prevent  the  growth  of  plants  and  algse  in  the  water  of 
the  ditch.  This  fact  has  been  well  brought  out  by  Le  Prince  -",  who 
says : 

On  the  Isthmus  and  probably  throughout  the  Tropics,  under  average  conditions, 
wo  could  not  consider  such  a  mode  of  procedure  (tlie  open  drain:i;L:e  ditch)  .-is 
it  would  give  most  unsatisfactory  results.  8ucli  a  ditch  would  become  a  ver- 
itable Mecca  for  anopheles. 

In  order  to  prevent  the  development  of  vegetation  in  the  ditch  it 
would  have  to  be  cleaned  out  in  the  Tropics  on  an  average  of  once 
a  week,  and  this  alone  would  make  their  use  practically  impossible, 
as  the  cost  of  labor  and  upkeep  would  be  too  great  unless  the  ditches 
were  few  in  number  and  of  limited  extent. 

The  hl'nid  drain. — Le  Prince.-'  the  chief  sanitary  insi^eclor  of  the 
Isthmian  Commission  in  1908,  recommends  this  method  of  drainage 
in  case  tile  drains  can  not  be  obtained.  lie  defines  a  blind  drain 
''as  a  miniature  culvert  covered   with   field  stones,"  and  stntes  that 
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they  ffive  fairly  good  results.  Such  drains  are  constructed  as  follows : 
A  ditch  is  dug  and  the  bottom  covered  with  flat  stones,  the  sides  are 
formed  by  a  layer  of  flat  stones,  and  a  cover  stone  is  placed  on  top, 
after  which  the  whole  is  covered  with  quite  large  stones  and  lastly 
with  small  stones.    Regarding  this  type  of  drain  Le  Prince  says : 

Where  plenty  of  stone  is  available  and  mnst  be  removed  from  a  field,  this 
form  of  ditch  is  economical  to  make  and,  in  the  Tropics,  much  more  economical 
to  maintnin  than  an  open  ditch  is.  while  anopheles  larvae  do  not  occur 
therein  *  *  *.  we  opened  some  of  these  drains  when  the  flow  of  water  in 
them  was  sluggish,  but  found  no  mosquito  larvae  therein.  The  advantage  of 
this  lype  of  drain  is  that  there  is  no  first  cost  for  material,  the  field  stones  are 
disposed  of,  and  there  is  no  cost  of  maintenance  except  when  the  ditch  clogs 
up.  A  good  grade  is  essential  for  blind  drains,  and  they  will  stand  on  a 
fairly  heavy  grade. 

The  cement-lined  open  drain. — This  is  the  only  form  of  open 
drain  that  should  be  adopted  in  the  Tropics,  and  it  should  always  be 
laid  upon  a  considerable  grade.  Such  drains  should  be  semicircular 
in  shape  and  constructed  of  stone  or  brick,  lined  with  cement.  If 
laid  \\\)on  a  good  grade  such  drains  will  keep  themselves  clean  by  the 
flushing  of  the  water  and  will  not  become  filled  with  vegetation  and 
algtT. 

Subsoil  drainage  with  tiles. — Le  Prince  saj^s  that  "  the  use  of  tile 
drainage  is  the  most  economical  and  permanent  method  of  destroy- 
ing anopheles  in  the  Tropics.  The  work  costs  from  16  to  20  cents  a 
foot  upward,  according  to  the  depth  of  the  trench,  material  to  be 
excavated,  and  distance  that  the  tile  and  covering  stone  has  to  be 
carried.''  Tie  recommends  that  the  tile  drains  should  not  be  given 
a  flatter  grade  than  0.5  per  cent,  and  states  that  those  having  as 
high  a  grade  as  5  per  cent  gave  perfect  satisfaction  if  the  tiles  be 
covered  with  plenty  of  stone  to  hold  them  in  place.  This  is  the 
method  of  drainage  adopted  in  the  Canal  Zone,  where  it  has  proven 
less  expensive  in  the  end  than  the  open  ditch  and  much  more  efficient. 

The  question  of  the  prevention  of  mosquitoes  bv  drainage  is  a 
piii'ciy  economical  one.  as  there  is  no  question  of  its  efficiency  in  any 
region  vht^re  it  can  be  applied.  In  the  Tropics  its  application  is 
uhkIi  more  difficult  than  in  temperate  regions,  but  the  success  of 
this  prophyl:ictif'  method  in  the  Canal  Zone  proves  that  even  in  the 
Tr()])ics  it  can  be  used  under  the  most  difficult  conditions  and  that 
its  use  is  both  economical  and  successful.  In  many  of  our  posts  a 
system  of  tile  drainage  would  completely  eradicate  mosquitoes  at  a 
much  less  final  cost  than  is  now  exj^ended  in  screening  and  for 
nioscjuito  nets. 

FiUtmi.  Ill  \\\;\\\\  localiiies  Ihe  filling  in  of  low  ground  and  of 
small  i)()ols  will  serve  to  destroy  most  of  the  breeding  places  of 
m().s(|uitoes,  and  this  is  often  a  very  valuable  prophylactic  method. 

licworal  of  shelter. — In  conjunction  with  drainage  and  filling  in 
of  the  bi-eeding  places  of  mos(]uitnes.  the    removal   of  brush   along 
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ihe  bankf^  of  =;troams  and  of  voprotation  and  alfra*  in  tlio  siream.s  or 
of  any  slielter  for  the  mosquitoes,  sucli  as  i.-.  fiiinislied  by  jungle 
lon^  ^lass  about  residences,  and  vines  and  bushes,  is  a  vahiable  pro- 
j)hyhi('ti('  measure.  The  removal  of  ilic  vines  so  often  observed  in- 
closing tlie  porches  of  barracks  and  quarters  in  some  of  our  most 
malarious  posts  should  be  insistcil  upon  if  uios(juitoes  can  not  be 
eradicated,  as  they  furnish  shelter  to  many  of  these  insects,  and  their 
removal  will  result  in  a  great  diminution  in  the  number  of  moscpiitoes 
and,  c()nse(pienlly.  in  the  ])r('\'alence  of  mahiria.  The  same  is  true 
of  all  shrubbery  about  habitaticms,  and  the  measure  adopted  in  the 
Can5)l  Zone  of  removing  all  such  vegetation  for  200  yards  around 
the  houses  could  1k'  followed  with  excellent  results  in  more  than  one 
of  our  Army  posts. 

'ihe  clearing  of  rank  vegetation  and  jungle  for  several  hundred 
yards  around  a  cam})  ov  post  is  not  only  useful  because  it  deprives 
the  moscpiito  of  shelter,  but  it  also  results  in  the  discovery  of  the 
small  breeding  places  of  the  mosciuitoes  which  could  not  otherwise 
be  seen.  The  anopheline  mosquito  does  not  recjuire  a  lake  to  breed 
in  but,  as  has  already  been  stated,  will  breed  in  the  smallest  de- 
pressions in  the  ground  that  will  hold  water,  and  every  clearing 
opei'ation,  especially  in  the  tropics,  always  results  in  the  discovery 
of  many  of  these  minute  breeding  places. 

At  Camp  Stotsenburg,  in  the  Philippines,  it  was  invariably  noted 
that  moscjuitoes  increased  greatly  in  number  whenever  the  grass 
about  the  post  was  allowed  to  grow  to  any  great  length  and  that 
a  coincident  increase  occurred  in  the  number  of  malarial  cases  ad- 
mitted to  hospital.  At  one  time,  oAving  to  lack  of  facilities  for 
cutting,  the  grass  was  allowed  to  grow  for  several  weeks,  and  the 
mosquitoes  became  so  numerous  as  to  be  almost  unbearable,  while 
the  number  of  cases  of  malaria  admitted  to  the  hospital  became 
alarming.  As  soon  as  the  grass  was  mowed  the  mosquitoes  decreased 
in  number,  as  did  the  number  of  malarial  infections,  thus  conclu- 
sively proving  the  danger  of  affording  shelter  to  the  m()S(]uito. 

Destruction  of  nios(juito  larr^r  with  larcacldes. — While  the  drain- 
age or  filling  in  of  the  larger  bodies  of  water  that  are  breeding  places 
for  mosquitoes  is  the  ideal  method  of  dealing  Avith  them,  it  fre- 
(juently  happens  that  this  is  impossible  owing  to  various  local  con- 
ditions. When  this  is  the  case  the  larvtT  may  be  killed  by  certain 
substances  which  may  be  added  to  the  water,  and  this  furnishes  us 
with  a  prophylactic  method  of  considerable  value. 

Many  substances  have  been  recommended  for  this  purpose,  the  most 
important  of  which  will  now  be  considered : 

Petrolsimi. — The  use  of  kerosene  as  a  lar\acide  was  first  recom- 
mended by  L.  O.  Howard,^^  and  it  has  been  used  very  largely  by  the 
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xVrmy.  both  in  this  country  and  in  Cuba  and  the  Philippines,  with 
excellent  results.  This  method  of  prophylaxis  depends  for  success 
upon  the  fact  that  the  larvae  of  mosquitoes  are  unable  to  breathe 
if  the  surface  of  the  water  is  covered  with  a  film  of  oil,  and  it  there- 
fore folloAvs,  that  in  selecting  petroleum  for  this  purpose  an  oil 
should  be  chosen  that  will  spread  rapidly  when  placed  upon  the  sur- 
face of  water  and  one  that  will  not  evaporate  too  rapidly.  Howard 
recommended  to  the  xVrmy  in  Cuba  the  use  of  the  grade  of  oil  known 
as  light  fuel  oil,  costing  from  $2.25  to  $3  per  barrel,  and  this  was 
used  with  good  results.  A  thicker  oil,  composed  of  4  parts  of  oil 
of  18°  gravity  and  1  part  of  oil  of  34:°  gravity,  is  recommended  by 
Quale,  who  used  it  in  California  and  found  that  it  remained  efficient 
for  from  three  to  four  weeks  after  application. 

The  application  of  the  oil,  in  the  case  of  large  bodies  of  water,  is 
best  made  with  a  pump  having  a  straight  nozzle.  The  operator  is 
rowed  from  side  to  side  of  the  pond  and  the  oil  discharged  at  such  in- 
tervals that  when  it  rises  and  spreads  the  entire  surface  passed  over  is 
covered.  In  smaller  collections  of  water  an  ordinary  watering  pot 
may  be  used  with  a  spray  nozzle  or  the  oil  may  be  poured  from  a 
cup  or  dipper.  The  greatest  care  should  be  taken  to  see  that  there 
are  no  portions  of  the  surface  left  uncovered  after  the  oil  has  spread, 
and  all  oiled  collections  of  water  should  be  inspected  at  least  every 
third  or  fourth  day,  as  the  layer  of  oil  becomes  easily  displaced  by 
currents  in  the  water,  by  winds,  or  b}^  the  movements  of  aquatic 
animals.  Whenever  unoiled  areas  appear  upon  the  surface  the 
oiling  of  that  particular  portion  of  the  pond  should  be  repeated.  In 
the  case  of  more  or  less  stagnant  streams  or  ditches  the  oil  is  best 
applied  with  a  pump  and  the  application  frequently  repeated.  The 
pumps  used  for  this  purpose  are  the  ordinary  knapsack  Dump  or  the 
l)ucket  pump. 

Tlie  exact  time  that  the  oil  will  have  to  be  renewed  varies  orreatlv, 
and  in  many  instances  the  method  is  rendered  almost  useless  by 
ignorance  regarding  the  necessity  of  renewing  the  oil  at  frequent 
intervals.  While,  in  rare  instances,  one  application  of  oil  may  be 
efficacious  for  as  long  a  period  as  four  weeks,  in  the  vast  majority 
of  cases  the  application  will  have  to  be  renewed  much  within  that 
time.  AAliere  the  temperature  is  high  and  the  surface  of  the  water 
is  exposed  to  the  sun.  the  oil  evaporates  rather  rapidly  and  has  to 
be  i-enewed  at  much  shorter  intervals  than  where  the  temperature 
is  low  and  the  collection  of  water  is  well  shaded. 

It  would  seem  that  the  most  sensible  rule  for  renewing  the  oil 
would  be  to  recoil  every  two  weeks.  We  know  that  the  average  life 
of  the  larva^  of  mosquitoes  is  from  10  to  14  days,  and  if  the  oil  be 
rea Implied  at  these  intervals  we  will  be  sure  to  destroy  the  vast 
majority  of  the  larva\     However,  if  inspection  of  the  oiled  water 
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allows  that  the  oil  has  in  pait  or  wholly  disappeariMl  h<;for(»  thi;  <*inl 
of  two  weeks,  it  is  obvious  that  leoiliii^  siioiihi  be  done  at  once.  The 
two-week  interval  was  the  time  adopted  by  the  Army  medical  oflicers 
in  Cuba  and  was  found  to  j^ive  satisfaction. 

In  some  regions  the  use  of  oil  as  a  larvacide  is  practically  impos- 
ible  owing  to  the  currents  produced  by  the  strong  winds  of  the 
locality  or  to  the  development  of  tropical  vegetation  in  the  collec- 
tions of  water  to  be  oiled,  thus  prexenting  the  s})i*eading  of  the  oil 
over  the  water  surface.  In  such  instances  the  use  of  a  larvacide 
that  is  less  easily  displaced  by  winds  and  that  is  capable,  to  some 
extent,  of  killing  vegetation  is  indicated,  but  up  to  the  |)resent 
time  such  an  ideal  larvacide  has  not  been  discovered,  the  nearest 
ai)i)roach  to  it  being  the  one  used  in  the  Canal  Zone  and  which  will 
now  be  described : 

The  (J anal  Zone  lareacide. — This  preparation  has  been  very  largely 
used  in  the  Canal  Zone,  and  all  of  the  reports  concerning  its  action 
:ire  very  satisfactory.  Darling-^  has  described  the  method  of  manu- 
facture and  has  conducted  valuable  experiments  determining  its 
efficiency  when  brought  in  contact  with  the  larvte  of  both  Culex  and 
Anopheles  mosquitoes.  lie  thus  describes  the  method  of  preparing 
the  larvacide : 

One  liuiulred  fifty  gallons  of  crude  carbolic  acid  (si)ecific  gravitj-  not  greater 
than  0.97  and  to  contain  not  less  than  30  per  cent  tar  acids)  are  heated  in  an 
iron  tank  having  a  steam  coil  with  steam  at  50  pounds  pressure.  Two  hundred 
pounds  of  finely  crushed  and  sifted  common  rosin  are  dissolved  in  the  heated 
acid,  and  then  30  pounds  of  caustic  soda,  dissolved  in  G  gallons  of  water,  are 
added.  There  Is  a  mechanical  stirring  rod  attached  to  the  tank.  The  product 
is  ready  in  a  few  minutes,  yielding  about  3^  barrels. 

Regarding  the  value  of  this  preparation  as  a  larvacide,  he  says: 

The  resultant  emulsion  makes  a  very  good  disinfectant  or  larvacide.  In  fact, 
1  l)art  of  it  to  10,000  i)arts  of  water  will  kill  anopheles  larvji?  in  less  than  half 
an  hour,  and  1  part  to  5,(K)()  parts  of  water  will  kill  anopheles  larv:e  in  from  ."> 
to  10  minutes  or  less.  This  i)roperty  of  killing  larva^  rapidly  is  of  gi'eat  im- 
I)ortaiu'e  in  liie  Tropics,  where  continuous  rainy  periods  make  erude  oil  or 
kerosene  much  less  valuable  as  a  larvacide  than  it  is  in  northern  latitudes  hav- 
ing less  rainfall.  Also  the  larvacide  acts  as  an  algecide,  and  thus  destroys  the 
food  and  hiding  places  of  anopheles  larvre. 

This  larvacide  is  used  by  spraying  an  emulsion,  prepared  by  add- 
ing 1  part  of  the  larvacide  to  5  parts  of  water,  over  the  surface 
and  along  the  edges  of  ponds,  streams,  or  other  collections  of  water 
that  serve  as  breeding  places  for  mosquitoes. 

Used  in  this  manner  the  larvacide  will  kill  all  anopheles  larva* 
within  five  minutes,  and  it  possesses  the  advantage  that  after  a  few 
hours,  in  case  of  running  streams,  the  water  will  be  again  fit  for 
domestic  use. 

This  larvacide  would  appear  to  be  an  ideal  one  for  adoption  by 
the  Army  in  its  antimos(]uito  work,  especially  in  the  Tro]ucs  where 
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the  use  of  kerosene  is  expensive  and  often  inefficient.  The  cost  of 
preparing  it  is  stated  by  Darling  to  have  been  but  $0.1413  per  gallon, 
whicli  is  very  much  less  than  any  fuel  oil  can  be  purchased  for.  and 
1  gallon  of  the  larvacide  makes  6  gallons  of  the  preparation  when 
diluted  with  water  for  use  in  the  spray.  In  addition  this  larvacide 
is  a  good  germicide,  having  a  Rideal-Walker  coefficient  of  from  2 
to  5.  One,  or  at  most  two,  larvacide  plants  could  supply  all  the  larva- 
cide needed  in  the  Philippines,  and  the  same  is  true  of  the  United 
States,  and  the  manufacture  and  use  of  this  substance  by  the  Govern- 
ment would  result  in  a  considerable  reduction  in  the  cost  of  malaria 
prophylaxis  and  at  the  same  time  furnish  the  Army  with  a  more 
efficient  larvacide  than  kerosene  oil. 

Other  lanmeides. — Among  other  substances  that  have  been  recom- 
mended as  larvacides  may  be  mentioned  permanganate  of  potassium, 
sulphate  of  copper,  corn  oil,  Phinotas  oil,  and  many  proprietary 
preparations.  None  of  these  are  as  efficient  as  the  larvacides  already 
mentioned,  and  the  only  one  that  has  been  used  extensively  is  Phino- 
tas oil,  which  has  been  used  to  a  considerable  extent  upon  the  Isthmus 
of  Panama.  It  is  capable  of  quickly  killing  the  larvae,  but  also  kills 
fish,  so  that  it  should  not  be  used  where  it  is  desired  to  preserve  the 
latter. 

Although  it  is  possible  to  secure  very  excellent  results  in  the 
prophylaxis  of  malaria  by  the  use  of  larvacides  the  method  is  always 
an  admission  that  we  are  unable  to  ccmtrol  mosquito  breeding  by  the 
much  better  one  of  abolishing  the  breeding  places  of  these  insects, 
and  it  should  never  be  adopted  in  preference  to  the  latter.  Under 
the  best  conditions  it  is  imperfect  and  the  results  are  not  to  be  com- 
pared witli  those  obtained  by  drainage  or  filling  in  of  breeding  places. 
In  addition,  especially  in  the  Tropics,  the  method  is  more  expensive, 
because  the  results  are  not  permanent,  the  use  of  the  oil  having  to 
be  continued  for  months,  while,  even  in  temperate  regions,  it  is 
doubtful  if  this  method  is  as  economical  as  the  abolition  of  the 
breeding  places.  It  finds  its  greatest  field  of  usefulness  in  those 
instances  where  breeding  places  can  not  be  abolished  owing  to  the 
expense  involved,  or  where  open  ditches  and  streams  can  not  other- 
wise be  prevented  from  becoming  breeding  places  of  these  insects. 

Destruction  of  l<irr<v  hy  fish. — The  well-known  fact  that  several 
species  of  fish  arc  voracious  devourers  of  mosquito  larva^  has  been 
taken  advantage  of  in  the  prophylaxis  of  malaria,  and  there  are 
many  accounts  in  tlie  literature  of  attempts  to  render  the  breeding 
places  of  moscjuitos  harndess  by  the  introduction  of  fish  that  will 
devour  the  larvH'.  There  is  no  question  that  in  ftiany  instances  these 
attempts  hM\(>  nn^t  .\ith  a  considerable  amount  of  success  but,  as  a 
rule,  tlie  results  have  been  disappointing.  The  fish  that  are  the  most 
useful  WW  the  roach,  carp.  to]i  minnows,  and  the  goldfish,  the  roach 
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jind  top  minnows  cspecijilly  hcing  wvy  ;i(ti\i-  in  devouring  the  larva?. 
Wliere  there  are  small  ponds  or  artificial  collections  of  water  of 
limited  extent  the  stocking  of  them  with  these  fish  will  often  result 
in  keeping  them  comparatively  free  from  moscjuito  larvie,  but  the 
method,  at  best,  is  a  very  imperfect  one,  and  possesses  little  of  value 
for  the  military  sanitarian,  although,  in  very  exceptional  cases,  it 
might  yield  good  results. 

7  he  abolition  of  hrecdiruj  places  in  and  about  quarters  arul  bar- 
racks.— It  has  already  been  stated  that  anopheline  mos(|uitoes  will 
breed  in  even  the  smallest  collections  of  water  and  that,  with  several 
si)ecies,  it  makes  no  difference  what  the  (juality  of  the  water  may  be. 
The  old  idea  that  the  Anopheles  will  only  breed  in  clean  water  and 
only  in  streams  or  larger  collections  of  water  has  long  ago  been 
abandoned,  and  we  now  know  that  they  will  breed  both  within  and 
without  quarters  and  barracks  Avherever  a  collection  of  water  forms 
large  enough  to  contain  the  moscjuito  eggs.  This  renders  the  sani- 
tation of  quarters  and  barracks  of  the  very  greatest  importance  in 
any  campaign  against  malaria  in  a  military  post,  and  it  is  remark- 
able how  many  breeding  places  may  be  discovered  around  and  in 
quarters  and  barracks  that  are  believed  to  be  perfectl}^  free  from 
them.  Among  the  breeding  places  that  occur  in  the  quarters  and 
barracks  may  be  mentioned  uncovered  fire  buckets,  stopped  drains, 
the  unused  hoppers  in  toilets,  unscreened  water  tanks,  earthenware 
vessels  containing  water,  tubs,  water  traps  that  are  not  flushed  out 
frequently,  and  the  cans  of  water  that  are  often  used  in  the  Tropics 
to  place  table  legs  in  to  prevent  ants  from  getting  to  the  food.  All 
of  these  are  favorite  breeding  places  of  certain  species  of  Anopheles 
and  are  very  frequently  overlooked  by  those  having  little  loiowledge 
of  the  habits  of  these  mosquitoes. 

If  the  post  is  in  the  neighborhood  of  native  quarters,  as  generally 
happens  in  the  Philippines  and  our  other  tropical  possessions,  the 
condition  of  these  quarters  as  regards  the  breeding  of  mosquitoes  be- 
comes of  paramount  importance  and  necessitates  the  greatest  care  in 
inspecting  and  abolishing  the  numerous  breeding  places  that  are 
always  present  around  and  in  native  houses.  An  inspection  of  the 
premises  will  generally  reveal  larva^  in  the  water  that  has  collected  in 
broken  bottles,  old  culinary  utensils,  tin  cans,  tin-lined  boxes,  water 
barrels,  and  chicken  troughs.  In  addition,  puddles  of  water  will 
often  be  found  teeming  with  larva  in  the  immediate  vicinity  of  the 
dwellings,  and  even  the  bamboo  fence  that  surrounds  so  many  native 
houses  will  be  found  to  breed  numberless  mosquitoes  in  the  cavities 
left  by  cutting  off  the  bamboo  near  a  joint  or  where  the  mosquitoes 
have  gained  entrance  through  holes  made  by  boring  insects. 
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The  discovery  of  these  small  breeding  places  of  mosquitoes  and 
their  proper  treatment  forms  one  of  the  most  important  duties  of 
sanitary  officers  in  localities  where  malaria  is  endemic,  and  the  ability 
to  make  a  really  scientific  mosquito  survey  of  a  post  and  its  surround- 
ings should  be  considered  one  of  the  most  valuable  of  all  possessions 
to  one  who  is  engaged  in  the  prevention  of  this  disease. 

All  receptacles  in  which  mosquitoes  ma}^  breed  and  which  are  not 
needed  in  domestic  operations  should  be  removed  or  destroyed,  and 
those  in  which  it  is  necessary  to  keep  water  should  either  be  frequently 
emptied,  screened,  or  oiled.  Barrels  or  tubs  for  the  collection  of  rain 
water,  as  well  as  cisterns,  should  be  covered  with  well-fitted  screen 
covers,  made  of  wire  containing  not  less  than  18  meshes  to  the  inch. 
Unused  hoppers  of  toilets  and  water  traps  should  be  flushed  thor- 
oughly at  least  once  a  week,  and  drains  should  be  frequently  inspected 
and  flushed.  One  of  the  most  common  sources  of  mosquitoes  con- 
nected with  barracks  and  quarters  are  clogged  roof  gutters,  and  I 
have  frequently  found  such  a  gutter  alive  with  larvae  after  heavy 
rains  that  had  left  the  gutter  full,  followed  by  enough  light  rain  to 
prevent  total  evaporation  of  the  water.  The  inspection  of  all  roof 
gutters  and  their  repair,  where  clogged,  is  an  important  prophylactic 
measure  in  Army  posts. 

The  fire  buckets  found  in  most  barracks  are  prolific  sources  of 
mosquitoes  unless  they  are  properly  looked  after.  All  that  is  neces- 
sary in  order  to  prevent  the  development  of  larvae  is  to  see  that 
they  are  emptied  each  week  and  filled  with  fresh  water.  As  the 
average  life  of  the  larvic  is  about  14  days,  one  is  perfectly  safe  if 
the  buckets  are  emptied  each  week.  If  desired,  wire  screen  covers 
may  be  used,  but  these  are  expensive  and  unnecessary  if  the  buckets 
be  properly  emptied  and  refilled  at  weekly  intervals.  The  oiling  of 
the  water  in  fire  buckets,  so  frequently  observed,  is  an  evidence  of 
the  lack  of  knowledge  of  the  life  history  of  mosquitoes  on  the  part 
of  the  officer  ordering  such  a  procedure,  and  certainly  the  addition 
of  oil  to  Avatcr  destined  to  extinguish  fire  does  not  improve  its  value 
in  that  direction.  The  buckets  should  not  be  emptied  into  the  sewer, 
but  upon  the  ground  in  direct  sunlight  where  the  water  will  quickly 
evaporate  and  the  sun  kill  any  larvae  that  may  be  present. 

AVater  troughs  for  domestic  animals  should  be  flushed  frequently, 
and  in  no  case  should  the  water  be  allowed  to  remain  if  the  trough 
is  not  in  use.  The  tanks  in  water-closets,  the  sewer  traps  of  the 
post,  and  oihmi  cesspools,  if  present,  should  be  frequently  inspected 
and  properly  treated,  the  tanks  and  scAver  traps  by  flushing  or  oiling 
and  the  cesspools  by  oiling  at  intervals  of  two  weel^. 

The  Ix'st  way  lo  accomplish  the  abolition  of  the  small  breeding 
places  mentioned  is  to  place  the  work  under  the  charge  of  a  sani- 
tary  olliter.   who  should   be   assisted  by  a  good   sergeant   and  the 
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re(jiiisite  nimiber  of  iiicn.  H*  tlie  post  is  a  small  one  the  work  can 
f)e  easily  accomplished  by  a  sergeant  aiid  one  or  two  men,  but  if  the 
area  to  be  covered  is  lar<re  and  the  buildings  are  numerous  the  post 
should  be  divided  into  districts,  each  district  bein^^  looked  after  by 
one  num.  under  the  supervision  of  the  sanitary  otticer  and  the  ^er- 
geant.  Where  native  barrios  or  villages  have  to  be  sanitated  it  will 
be  necessary,  of  course,  to  increase  the  lunnber  of  men,  but  the  same 
general  plan  of  organization  should  be  followed. 

Destruction  of  the  adult  mosquito. — The  adult  moscjuito  may  be 
destroyed  by  various  chemicals  or  they  may  be  caught  in  mosijuito 
traj)s  or  by  hand.  In  the  military  service  the  methods  of  destroying 
adult  mosquitoes  that  can  be  adopted  are  in  general  too  uncertain 
to  be  of  much  value  exce])t  in  fumigating  (juarters  that  are  to  be  oc- 
cupied by  troops  in  countries  where  malaria  is  endemic  or  upon 
transports  plying  between  malarial  and  nonmalarial  localities.  In 
the  field  the  adult  mosquito  is  most  easily  avoided  l)y  methods  which 
prevent  biting  and  which  are  much  more  practical  in  application 
than  attem])ts  to  destroy  the  insects,  although  smudges,  hereafter 
described,  may  prove  useful  in  isolated  instances. 

A  large  number  of  chemicals  have  been  reconniiended  for  the  de- 
struction of  adult  anophelines,  the  most  important  of  which  will  l)e 
briefly  discussed. 

Sulphur  dioxide. — Where  it  is  desired  to  kill  the  mosquitoes  in 
quarters  or  barracks,  in  transports  or  other  vessels  used  for  military 
purposes,  or  in  habitations  in  malarial  localities,  sulphur  dioxide  is 
the  most  valuable  agent  that  we  possess.  The  success  attending  its 
use  in  Cuba,  Panama,  and  in  Rio  de  Janeiro  in  the  fumigation  of 
houses,  and,  indeed,  whole  blocks  of  houses,  as  at  Santiago,  against 
the  yellow-fever  mosquito,  is  familiar  to  all  sanitarians,  and  the 
same  methods  used  against  yellow  fever  should  be  employed  in  the 
case  of  malaria  where  the  disease  is  of  pernicious  type  and  rapidly 
spreading  among  troops  in  quarters. 

In  employing  this  agent  it  should  be  remembered  that  it  injures 
most  metallic  substances  and  fabrics,  and  these  should  be  removed 
before  fumigation  is  begun.  The  methods  of  fumigation  with  sul- 
phur are  well  known  to  all  sanitary  officers  of  the  Army  and  will  not 
be  detailed  here.  A  good  rule  for  determining  the  amount  of  sulphur 
necessary  to  destroy  the  mosquitoes  in  fumigation  u]K)n  a  large  scale 
is  to  divide  the  number  of  cubic  feet  in  each  room  of  the  building  by 
500  and  reading  the  result  in  pounds.  Thus,  a  room  iO  feet  long. 
20  feet  wide,  and  12  feet  high  would  contain  9,600  cubic  feet,  and 
this  divided  by  500  would  give  19.2  pounds  of  sulphur  for  such  a 
room. 

In  the  case  of  malaria  it  is  evident  that  only  in  rare  instances 
would  this  method  of  prophylaxis  be  used  in  the  military  service. 
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owing  to  the  fact  that  other  and  more  easily  applied  methods  would 
render  it  unnecessary.  However,  there  is  no  doubt  of  its  great  value 
in  the  prevention  of  the  transmission  of  yellow  fever  and  in  great 
epidemics  of  malaria,  such  as  have  occurred  among  troops  in 
quarters,  it  would  undoubtedly  be  of  equal  value. 

Smadges. — In  the  field  many  adult  mosquitoes  could  be  destroyed 
by  fires  made  of  material  producing  a  dense  smoke,  as  green  vegeta- 
tion or  bark.  The  American  Indian  used  this  method  of  rendering 
his  tent  inhabitable  and  all  hunters  are  familiar  with  this  device, 
which  might  prove  very  useful  to  an  army  in  the  field  in  regions 
where  mosquitoes  were  very  numerous  and  mosquito  nets  unob- 
tainable. 

Pyrethvum  powder. — Pyrethrum  powder  is  made  from  the  dried 
flower  heads  of  plants  belonging  to  the  genus  Chrysanthemum^  grow- 
ing in  Transcaucasia.  The  powder  is  more  commonly  known  as 
Persian  or  Dalmatian  insect  powder,  and  depends  for  its  efficiency 
on  the  presence  of  certain  oleoresins  in  the  dried  flowers,  so  that  to 
be  efficient  the  powder  must  be  comparatively  fresh.  The  best  prep- 
aration for  use  in  this  country  is  made  in  California  and  is  marketed 
under  the  proprietary  name  of  "  buhach  "  powder. 

For  the  purpose  of  destroying  mosquitoes  the  powder  is  burned  in 
a  room,  being  placed  upon  a  dish  or  tin  and  a  match  touched  to  it, 
when  it  will  burn  slowl}^  and  give  off  a  large  volume  of  smoke  hav- 
ing a  peculiar  odor;  or  the  powder  may  be  procured  in  the  form  of 
cones  or  pastilles  and  these  burned.  The  smoke  is  not  harmful  or 
very  unpleasant  to  most  people,  and  if  the  powder  be  burned  in  a 
closed  room  it  will  stupify  all  mosquitoes  in  the  room  and  they  may 
be  swept  from  the  floor  and  destroyed.  The  use  of  this  powder  in 
the  rooms  of  quarters  infested  with  mosquitoes  might  be  of  benefit 
where  other  measures  could  not  be  taken  to  get  rid  of  them,  but  from 
a  military  standpoint  this  method  of  destroying  mosquitoes  possesses 
little  value. 

Numerous  other  fumigants  have  been  recommended  for  destroying 
adult  moscjuitoes,  as  camphor  phenol  or  Minim's  Culicide,  Pyrofume, 
mercuric  chloride,  powdered  stramonium,  and  formaldehyde  gas, 
but  none  of  them  are  of  any  importance  in  the  prophylaxis  of  ma- 
laria in  the  military  service  and  will  not  be  discussed. 

Mosquito  catching  as  a  prophylactic  method. — The  catching  of 
adult  mosquitoes,  first  advocated  by  Orenstein.-^^^  in  the  Canal  Zone, 
is  really  deserving  of  much  greater  consideration  as  a  prophylactic 
method  than  it  has  received.  It  is  a  method  that  could  readily  be 
adopted  in  the  military  service  and,  under  certain  conditions,  would 
be  a  most  valuable  one,  especially  in  temporary  camps  in  the  Tropics. 
In  his  paper,  published  in  1913,  Orenstein  states  that  this  method 
has  been  extensively  employed  in  the  Panama  Canal  Zone  and  that 
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it  has  cfiven  very  exrollont  rosnlts.  Ho  fjuotes  two  instances  pivon 
by  Ia^  Prince,  which  are  so  strik'in<]:  that  T  will  ^ive  them  in  hi.-!  own 
words.     He  says : 

The  first  systcuuitic  jii)i)lic*jiti(>ii  of  iiiosciuito  cjuchin^  within  habitations  as 
.1  prophylactic  measure  against  malaria,  in  so  far  as  I  have  been  able  to  learn, 
was  made  in  the  (^inal  Zone,  in  Ai)ril,  1008,  at  a  camp  near  C'ocoli.  The  camp, 
composed  of  uns<'reened  tents,  was  to  be  maintained  only  al»ont  five  months, 
and  It  was  not  thought  practicable  to  incur  the  great  expenditure  involved  in 
a  thorough  antimalarial  campaign.  When  the  camp  was  tirst  established,  as 
many  as  .'{0  auopliolines  could  Ix?  seen  in  a  t^nt  in  the  daytime,  and  njany 
more  after  dark.  One  man  was  employed  to  kill  the  mosfjuitoes  in  these 
tents.  He  worked  from  (5  to  11  in  the  morning  and  from  1  to  5  in  the  after- 
noon. In  the  four  and  a  half  months  of  this  camp's  existence  the  malaria 
Incidence  was  a  little  over  1  per  cent  per  week. 

Another  remarkable  instance  is  described  by  Le  Prince  in  Ross's  "  The  Pre- 
vention of  Malaria."  In  .Tune,  1008,  several  hundred  United  States  marines 
were  quartered  for  about  eight  weeks  on  a  hill  near  Panama,  known  as  Diablo 
Hill.  During  this  period  the  malaria  incidence  among  the  marines  was  14  per 
cent  per  week.  In  May,  1009,  some  living  cars  were  located  on  the  .same  hill. 
The  anopheline  breeding  was  .just  as  it  has  been  at  the  time  the  marines  cami)ed 
there.  From  the  first  week  in  May  to  the  end  of  November,  in  the  rainy  sea- 
son, when  malaria  incidence  is  high  in  Panama,  only  four  cases  of  malaria 
occurred  among  the  40  laborers  occupying  these  cars,  a  weekly  incidence  of 
about  0..3  per  cent.  TTie  difference  was  due  to  having  a  man  devote  half  an  hour 
a  day  to  the  destruction  of  the  anophelines  found  in  these  cars  at  a  cost  of 
.*')  cents  a  day  for  the  labor." 

The  above  illustrations  demonstrate  that  mosquito  catching  is 
capable  of  keeping  the  malaria  incidence  down  to  a  very  low  fiorure 
even  in  hotbeds  of  the  disease,  and  indicates  how  valuable  a  method 
this  would  be  in  the  military  service,  where  it  could  so  easily  be 
adopted. 

The  mosquitoes  are  caught  with  the  chloroform  tube  already  de- 
scribed in  Chapter  II,  although  Orenstein  recommends  that  instead 
of  cotton  at  the  bottom  of  the  tube  to  receive  the  cliloroform  a 
layer  of  short  lengths  of  rubber  bands  covered  with  a  plug  of  cotton 
be  placed  at  the  bottom  of  the  tube  and  saturated  with  chloroform. 
In  addition  to  the  killing  tube  the  mosquito  hunter  is  also  furnished 
with  an  ordinary  "fly  swatter''  and  instructed  to  catch  or  ''swat" 
every  mosquito  observed.  The  method  of  catching  mosquitoes  with 
the  tube  has  already  been  described  (Chapter  II,  p.  — ),  and  the  mos- 
(|uitoes  should  be  searched  for  in  dark  corners  of  rooms,  in  closets, 
along  baseboards,  beneath  sinks  and  toilet  fixtures,  behind  pictures, 
and  in  tents,  along  the  ridgepole,  in  the  corners  behind  clothing,  and 
beneath  cots  and  mos(|uito  nets.  The  ''  fly  swatter  "  is  especially  use- 
ful in  killing  the  mosquitoes  frequently  observed  on  the  outside  and 
inside  of  screenings  on  verandas,  doors,  and  windows.  At  Camp 
Stotsenberg,  during  the  rainy  reason,  the  outside  of  the  window 
screens  of  the  hospital  and  other  buildings  was  frequently  the  resting 
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place  of  scores  and  even  hundreds  of  anophelines  which  were  en- 
deavoring to  get  within  the  buildings,  and  it  was  possible  to  kill 
hundreds  of  these  insects  in  this  situation  almost  every  evening  during 
the  rainy  season. 

Mosquito  traps  have  also  been  used  extensively  in  the  Canal  Zone, 
and  Orenstein  describes  one  devised  by  Sanitary  Inspector  Bath, 
which  has  proved  satisfactory.  It  consists  of  a  half-cylinder  con- 
structed of  wire  netting,  having  two  ridges  inside  it,  "the  apices  of 
which  are  perforated  by  longitudinal  slits  about  i  inch  wide  and  3 
inches  long.  Through  the  slits  in  these  ridges  the  mosquitoes  enter 
the  chamber  of  the  trap,  and  can  not,  for  some  reason,  find  their  way 
out  again." 

The  traps  are  so  placed  as  to  catch  the  mosquitoes  either  when  en- 
tering or  leaving  a  building,  and  in  the  Canal  Zone  it  was  found  that 
more  anophelines  were  caught  if  the  traps  were  placed  on  the  lee  of 
buildings,  while  more  culicines  were  captured  if  the  traps  were  in- 
stalled on  the  windward  side  of  the  buildings. 

Regarding  the  value  of  catching  mosquitoes  Orenstein  well  says 
that : 

When  it  is  remembered  that  in  malaria  a  period  of  at  least  a  week  must 
elapse  before  the  mosquito  which  has  fed  on  an  infected  person  can  transmit 
the  infection  to  another  person,  and  when  it  is  recalled  that  an  anopheline 
filled  with  blood  becomes  sluggish  and  does  not  fly  very  far  for  some  time,  the 
efficacy  of  killing  mosquitoes  within  habitations  becomes  self-evident. 

And  he  concludes  that  "  catching  mosquitoes  by  hand  within  dwell- 
ings is  a  measure  of  great  value  in  the  prophylaxis  of  malaria.  It  is 
especially  applicable  to  temporary  camps." 

It  is  obvious  that  this  prophylactic  method  might  be  of  the  verj^ 
greatest  value  to  the  military  service  in  the  case  of  camps  in  malarial 
localities  and  it  could  be  so  easily  put  in  operation  that  its  neglect 
would  be  inexcusable.  All  that  would  be  necessary  would  be  to  detail 
a  certain  number  of  men  for  the  purpose,  under  an  intelligent  non- 
commissioned officer,  the  camp  being  districted  for  the  purpose.  No 
great  amount  of  training  is  necessary,  as  mosquitoes  are  easily  recog- 
nized and  the  method  of  handling  the  killing  tube  and  ''swatter"  is 
quickly  acquired  even  by  the  most  unintelligent  laborer,  as  shown 
by  the  fact  that  all  the  work  in  this  line  in  the  Canal  Zone  was  done 
by  tlie  West  Indian  negro.  In  the  field  where  troops  are  in  tents 
for  some  time,  as  at  maneuvers  or  in  more  or  less  permanent  camps, 
and  where  mosquitoes  are  prevalent,  this  method  is  certainly  deserv- 
ing of  the  most  tliorough  trial. 

In  barracks  and  quarters  in  posts  situated  in  the  Tropics  mosquito 
catching  would  also  be  a  valuable  method  of  prophylaxis  and  could 
be  accomplished  by  native  help  at  a  comparatively  small  expense. 
In  many  posts  in  the  Philippines,  where  it  has  been  found  impossible 


PROPHYLAXIS   OF   MALARIA.  71 

to  entirely  eradicate  mosquitoes,  this  metliod  would  V)e  easy  of  appli- 
cation and  would  undoubtedly  give  good  results  in  reducing  the 
number  of  mosquitoes  and  the  incidence  of  malaria.  In  temperate 
regions  it  is  generally  possible  to  rid  our  posts  of  mos^juitoes  by  one 
or  more  of  the  other  methods  descriljed  in  this  chapter,  but  in  the 
Tropics  it  is  very  often  impossible  to  do  more  than  reduce  the  num- 
ber of  these  insects,  and  tiiis  won  hi  appeal*  to  be  a  great  aid  in  that 
direction,  and  possesses  the  additional  value  that  it  enables  us  to 
capture  and  kill  the  moscjuitoes  that  have  bitten  man  and  may,  there- 
fore, have  become  infected  with  malaria. 


Chapter  IV. 

PROPHYLACTIC  METHODS  BASED  UPON  THE  PROTECTION  OF  MAN 
FROM  THE  BITES  OF  MOSQUITOES. 

Where  it  is  impossible  to  destroy  all  of  the  breeding  places  of 
mosquitoes  or  to  kill  the  adult  insects,  the  protection  of  man  from 
the  bites  of  these  insects  becomes  a  most  important  prophylactic 
measure.  Especially  has  this  been  found  true  in  the  military  service, 
where  this  method,  together  with  quinine  prophylaxis,  often  has  to 
be  depended  upon  entirely  when  troops  are  in  the  field  in  malarial 
localities,  and  even  in  semipermanent  camps  and  permanent  posts 
the  protection  of  the  troops  from  the  bites  of  mosquitoes  not  infre- 
quently becomes  of  paramount  importance  owing  to  local  conditions 
or  for  economical  reasons.  While,  as  has  been  stated,  the  abolition 
of  the  breeding  places  of  mosquitoes  is  the  ideal  method  of  malaria 
prophylaxis  either  in  military  or  civil  communities  and  other  meth- 
ods should  never  be  substituted  for  this  Avhere  it  is  possible  to  employ 
it,  the  fact  remains  that  in  most  localities  it  is  necessary  to  combine 
all  of  our  methods  of  prophylaxis,  and  of  them  the  protection  of  man 
from  mosquito  bites  is  one  of  the  most  valuable. 

This  mechanical  prophylaxis,  as  it  is  sometimes  called,  is  secured 
by  the  proper  screening  of  quarters  and  barracks,  the  use  of  mosquito 
nets  for  the  beds  and  shelter  tents,  the  wearing  of  head  nets  and 
gloves,  and  the  use  of  various  odorous  substances  which  are  smeared 
upon  the  skin  for  the  purpose  of  preventing  mosquitoes  from  biting. 

Screening. — The  screening  of  barracks  and  quarters  in  posts  in 
malarial  regions  is  a  most  important  and  valuable  prophylactic  meas- 
ure and  should  never  be  neglected  when  the  more  permanent  methods 
of  drainage  and  filling  in  can  not  be  employed  or  where  their  em- 
ployment only  reduces  the  number  of  anophelines.  While,  in  civil 
life,  the  (juestion  of  expense  makes  the  employment  of  this  method 
pi-ohibitive  in  many  localities,  in  the  military  service  it  should  not 
enter  into  the  question  where  posts  are  situated  in  regions  where 
pernicious  forms  of  malaria  are  prevalent,  or  where  any  form  of 
malaria  is  prevalent  to  an  extent  that  will  seriously  affect  the 
ellicieucy  of  troops. 

The  expense  involved  is  admittedly  great,  in  many  instances,  but 
if  good  screening  material  be  obtained,  the  screens  will,  if  properly 
cared  for,  last  for  years,  and  before  they  are  worn  out  will  have 
repaid  many  times  the  initial  expense  by  the  reduction  in  the  amount 
of  malaria  among  the  troops  and  the  consequent  increase  in  efficiency. 
72 
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The  selection  of  screening  muteriol. — The  screening  used  for 
(juurters  and  barracks  should  be  of  as  diiraiile  material  as  it  is 
possible  to  secure  and  of  fine  enough  mesh  to  keep  out  all  anophelines. 
The  material  for  screening  should  be  of  wire  comp<jsed  of  copper, 
zinc,  and  iron,  the  copper  content  being  higher  than  that  of  brass. 
In  the  Tropics  this  is  of  special  importance,  as  the  heat  and  moisture 
rapidly  corrode  wire  netting  having  a  low  percentage  of  copper. 
The  observations  of  Xauss,  in  the  Canal  Zone,  reported  by  Darling,^' 
proved  that  the  deterioration  of  wire  screening  in  the  Tropics  is  due 
to  the  presence  of  iron  plus  the  influence  of  a  hot  and  moist  climate. 
Brass  screens,  by  reason  of  the  amount  of  iron  alloy  present  are, 
therefore,  unsuitable,  and  copper-wire  screens  should  always  be 
selected. 

If  copper  screening  can  not  be  obtained  ordinary  iron- wire  screens 
may  be  used,  but  they  should  be  covered  with  two  coats/)f  good  paint 
and  frequently  rei)ainted.  Even  so,  they  will  be  found  more  ex- 
pensive in  the  end  than  the  best  copper-w^ire  screening,  which  should 
be  used  if  it  can  be  obtained. 

The  size  of  the  mesh  in  the  wire  screening  used  to  protect  houses 
and  barracks  is  a  matter  of  prime  importance.  It  must  be  close 
enough  to  keep  out  all  anopheles  mosquitoes,  and  in  regions  where 
yellow  fever  is  endemic  or  may  be  introduced  the  mesh  should  be 
small  enough  to  keep  out  the  yellow- fever  mosquito,  Stegomijia  fas- 
ciata.  Nothing  is  gained  by  using  a  screen  in  which  the  meshes  are 
closer  than  necessary,  and  something  is  lost,  for  the  closer  the  mesh 
the  more  air  is  excluded  from  the  room  or  building,  and  this  is  a 
matter  of  much  importance,  especially  in  the  Tropics  and  subtropics. 

A  considerable  amount  of  experimental  work  has  been  done  along 
this  line.  As  a  result  of  my  own  observations  at  Camp  Stotsenburg, 
in  the  Philippines,  where  anophelines  were  very  numerous,  I  con- 
cluded that  wire  netting  containing  16  meshes  to  the  linear  inch 
(No.  16,  as  it  is  called)  excluded  all  the  Anopheles  tested  and  that 
this  size  netting  should  be  used  in  the  prophylaxis  of  malaria.-^-  !My 
observations  were  confirmed,  so  far  as  Anopheles  are  concerned,  by 
Guiteras,-^-'  Darling,'^  and  the  United  States  Army  Board ''^  for  the 
Study  of  Tropical  Diseases  in  the  Philippines.  This  netting  was  not 
efficient,  however,  in  excluding  the  yellow-fever  mosquito,  as  the 
majority  of  investigators  have  shown,  and  a  netting  containing  18 
meshes  to  the  linear  inch  should  be  selected  when  Stcgomyia  are 
present,  as  shown  by  the  experiments  of  Darling  and  the  Board  for 
the  Study  of  Tropical  Diseases. 

It  is  very  probable  that  mosquitoes  vary  in  size,  even  when  fidl 
grown,  for  Goeldi  has  shown  that  delayed  development  during  the 
larval  stage,  due  to  various  local  conditions  and  a  poor  supply  of 
food,  results  in  dwarfed  adult  mosquitoes,  and  this  doubtless  accounts 
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for  some  of  the  discrepancies  between  the  results  of  different  in- 
vestigators as  to  the  efficiency  of  various  sized  wire  screens. 

In  1908  Col.  J.  Iv.  Kean,  Medical  Corps,  United  States  Army,  sent 
Dr.  Gniteras,  in  Habana,  some  16-mesh  wire  screening  and  requested 
that  experiments  be  made  regarding  its  efficiency  in  excluding  ste- 
gomyia  mosquitoes.  After  many  very  careful  experiments  Dr.  Gui- 
teras  reported  to  Col.  Kean  that  the  netting  sent  kept  out  Stegomyia 
fasciata^  using  the  following  words: 

It  is  my  opinion  that  we  may  conclude  from  these  experiments  that  the  Ste- 
(jomyia  calopufi  {fasciata)  can  not  pass  through  the  wire  gauze  sent  for  triaL 
The  gauze  is  16-wire  mesh — that  is,  it  presents  16  wires  or  threads  to  the  linear 
inch. 

In  1910  Darling,  as  the  result  of  his  experiments  in  the  Canal  Zone, 
^tates : 

In  regions  where  it  is  only  necessary  or  desirable  to  protect  against  anophe- 
lines  a  No.  16  mesh  screening  (16  holes  to  the  inch)  would  answer  the  i)urpose, 
and  where,  as  in  this  region,  it  is  necessary  to  protect  against  some  of  the 
smaller  varieties,  such  as  Stegomyia  calopus,  a  No.  16  mesh  would  be  practically 
safe,  but  not  absolutely  so. 

He  found  that  none  of  the  anophelines  in  the  Canal  Zone  could 
pass  the  16-mesh  screening,  but  that  some  specimens  of  Stegomyia 
fasciata  (calopus)  could,  as  well  as  several  species  of  Culex. 

Owing  to  the  uncertainty  caused  by  the  divergent  reports  of 
Guiteras  and  Darling,  the  Surgeon  General  of  the  Army,  in  1912, 
requested  the  Army  Board  for  the  Study  of  Tropical  Diseases  in  the 
Philippine  Islands  to  determine  what  sized  copper-wire  gauze  would 
prevent  the  passage  of  anophelines  and  other  mosquitoes.  The 
board,  as  the  result  of  very  careful  experiments,  found  that  IG-mesh 
wire  gauze  was  impervious  to  the  following  mosquitoes:  Myzomyia 
rossii^  Mizorhynchus  harhirostris^  Pyretophorus  freerae^^  Mansonia 
annuUfera,  Mansonia  uniformis,  Culex  fatigans,  and  Culex  microaii- 
nulatus.  As  Myzomyia  rossii  is  as  small  as  any  of  the  anophelines 
connected  with  malaria;  their  observations  confirm  mine,  made  in 
IDO.")  at  Camp  Stotsenburg.  but  they  also  determined  that  this  same 
s])e('ies  could  be  excluded  by  either  No.  1*2,  14,  or  10  mesh  screening. 
In  aihlition  tliey  found  that  Stegomyia  fasciata  (calopus)  could  pass 
No.  10  mesh  netting  with  considerable  ease,  and  concluded  that  while 
the  No.  H)  mesh  will  keep  out  all  malaria  mosquitoes  found  in  the 
Phili])pines  its  use  is  inadvisable  because  it  does  not  keep  out  the 
yelh)w- fever  moscjuito. 

From  these  various  observations  it  appears  to  me  that  in  the  mili- 
tary service  all  screening  should  contain  at  least  18  meshes  to  the 
linear  inch,  and  1  believe  that  it  is  a  mistake  to  use  wire  gauze  con- 
taining inon^  tlian  (liis  minibcr.  both  because  it  is  unnecessary  so  far 
as  ])ractical  protection  goes  and  because  it  reduces  by  just  so  much 
the  amount  of  air  aduiitted  to  a  room  or  building. 


t'ROPHYLAXIS   OF    MALARIA.  75 

Method  of  screenhyj. — It  is  a  perfectly  obvious  fact  to  anyone  who 
inspects  screened  l)uil(lin^s,  either  in  civil  or  military  life,  that  much 
of  the  screening  is  so  constructed  as  to  defeat,  in  a  measure,  the  phr- 
pose  aimed  at,  i.  e.,  the  exclusicm  of  mos(juitf>es.  The  use  of  adjust- 
able or  folding  screens;  the  fastening  of  the  screen  within  the  win- 
dow, necessitating  its  being  raised  e\'erv  time  the  window  is  opcnc(l : 
and  the  use  of  the  single-screened  door  for  quarters  and  barracks,  in- 
stead of  having  double-screened  doors  with  a  screened  vestibule,  are 
all  instances  connnonly  observed  of  imperfect  screening.  In  bar- 
racks that  were  caiefully  screened  I  have  observed  unscreened  venti- 
lators along  the  ridgepole,  which  explained  fully  the  presence  of 
numerous  mos(|uitoes  within  them,  an  occurrence  which  had  fur- 
nished a  strong  argument  against  screening  in  the  prophylaxis  of 
malaria  to  certain  individuals  who  were  adverse  to  this  method.  Not 
infrecpiently,  while  the  first  and  second  stories  of  quarters  are  care- 
fully screened,  the  attic  windows  will  be  found  unscreened,  and 
mosquitoes  thus  gain  entrance  to  the  quarters.  All  of  these  mistakes 
can  be  easily  avoided  and  are  most  important  in  their  effect  upon  the 
success  of  screening  against  mosquitoes. 

The  arrangement  of  screens  must  vary,  of  course,  with  the  archi- 
tecture of  the  building  to  be  screened,  but  all  window  screens  should 
be  placed  outside  window  sashes  and  fitted  as  closely  as  possible  to 
the  sash,  as  otherwise  mosquitoes  may  easily  get  in  between  the  screen 
and  sash,  especially  when  the  window  is  partly  open.  In  fact,  to 
insure  perfect  protection  the  entire  window  should  be  covered  exter- 
nally by  one  screen.  In  this  way  either  the  lower  or  upper  sash  may 
be  raised  or  lowered  without  danger  of  admitting  mosquitoes. 
Where  wire  screening  is  impossible  doors  and  windows  may  be  pro- 
tected by  cheese-cloth  screens,  which,  while  not  very  durable,  are  sat- 
isfactory if  carefully  watched  for  the  appearance  of  holes  and 
promptly  replaced.  All  entrances  to  quarters  and  barracks  where 
screening  is  necessary  should  be  protected  by  a  screened  vestibule 
containing  two  doors  instead  of  a  single  screened  door  opening  di- 
rectly into  the  building,  which  is  the  usual  arrangement.  While  this 
method  of  screening  may  be  practically  sufficient  where  mosquitoes 
are  not  very  numerous  and  malaria  is  rare,  it  is  necessary  to  have  the 
double-door  entrance  in  regions  where  malaria  prevails  to  any  extent, 
especially  in  barracks,  where  the  doors  are  opened  so  frequently. 
All  screened  doors  should  open  outward. 

Extreme  care  should  be  taken  that  all  ventilators  be  screened,  and 
that  screens  be  frequently  inspected  and  repaired  promptly  when 
necessary. 

Mosguito  nets  or  bars. — When  it  is  impossible  to  thoroughly  screen 
barracks  and  quarters,  and  for  troops  in  the  field,  the  moscpiito  net 
or  mosquito l^ar,  as  it  is  often  called,  furnishes  a  most  valuable  means 
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of  protection  from  the  bites  of  these  insects.  In  the  military  service 
the  ideal  mosquito  net  would  be  one  that  could  be  used  over  the  bed 
while  the  troops  are  in  permanent  barracks,  and  within  the  shelter 
tent  when  in  the  field.  Such  a  mosquito  net  has  been  devised  by  Capt. 
Vedder,  of  the  United  States  Army  Medical  Corps,  and  has  been 
adopted  by  the  Quartermaster's  Department  for  issue  to  the  troops. 
It  can  be  easily  folded  and  carried  in  the  pack  when  troops  are  in  the 
field  and,  if  properly  made.,  will  undoubtedly  be  found  to  be  a  most 
valuable  aid  in  preventing  mosquito-borne  diseases  in  an  army  during 
active  operations,  besides  greatly  increasing  the  comfort  of  the  troops 
when  campaigning  in  regions  where  mosquitoes  abound. 

In  barracks  where  mosquito  nets  are  used  there  should  be  a  nightly 
inspection  of  the  nets  after  taps,  to  insure  their  being  used  by  every 
man  and  that  they  are  being  properly  used.  Care  should  be  taken 
to  see  that  each  net  is  tucked  under  the  mattress,  instead  of  hanging 
loosely  around  the  bed,  as  otherwise  mosquitoes  easily  gain  entrance 
by  crawling  or  fl^^ing  between  the  net  and  the  mattress.  During  the 
day  the  mosquito  net  should  be  preferably  taken  down  and  folded 
up  on  the  bed,  but  may  be  either  tucked  in  beneath  the  mattress  if 
the  bed  is  made  up  or  folded  over  on  the  portion  suspended  between.- 
the  uprights.  The  greatest  care  should  be  taken  to  keep  the  net  ii*^ 
repair,  all  holes  being  darned  as  soon  as  they  are  discovered. 

Head  nets  and  gloves. — Head  nets  and  gloves  are  absolutely  neces- 
sary in  many  regions  if  one  is  camping  or  hunting,  and  the  same  is 
true  when  troops  are  in  the  field  in  such  localities.  The  Quarter- 
master's Department  of  the  Army  issues  a  very  good  head  net,  so 
fashioned  as  to  fit  over  the  campaign  hat,  and  this  will  be  found  of 
the  greatest  service,  especially  to  the  men  on  guard,  and  their  use 
should  be  insisted  upon  in  malarial  localities.  I  am  convinced  that 
if  a  head  net  had  been  worn  by  men  on  guard  at  several  of  the  posts 
in  the  Philippines  it  would  have  greatly  reduced  the  amount  of 
malaria,  for  many  cases  of  infection  occurred  that  could  be  traced 
to  the  soldiers  being  severely  bitten  during  guard  duty. 

The  use  of  odorous  substances  on  the  sl'in. — Various  substances 
have  been  recommended  for  protecting  the  skin  from  the  bites  of 
mosquitoes.  Among  the  best  may  be  mentioned  the  oils  of  citronella, 
eucalyptus,  pennyroyal,  anise,  camphor,  vaseline,  and  kerosene. 
As  a  rule  the  slight  protectitm  afforded  by  these  substances  has  not 
led  to  any  extensive  use  of  them  in  the  military  service,  but  there  ma}^ 
be  circumstances  in  which  the  use  of  one  or  the  other  of  them  may 
jirove  of  value.  Such  an  instance  is  quoted  by  Howard,^^  who  states 
that  Dr.  AV.  II.  Dade,  United  States  Army,  found  a  mixture  of  one 
pari,  of  l)(M-gamot  oil  to  sixteen  parts  of  kerosene  very  efficacious  in 
prcv(Miting  mosquito  bites  when  smeared  on  the  skin,  and  that  this 
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mixture  was  succi'ssfully  used  by  ti'(K)ps  wlieu  on  inurohes  in  the 
I'hilippiiies. 

yov  use,  as  a  teniponiry  nieasuie,  a  mixture  of  oil  of  citrouella 
and  vaseline,  when  smeared  upon  the  skin,  is  very  serviceable  and 
is, not  unpleasant.  If  liquid  vaseline  is  used,  ahout  one  part  of  oil 
of.^citronella  slioidd  be  mixed  with  six  parts  of  liquid  va>eline  and 
applied  fi'eqiieiitly  when  exposed  to  the  bites  of  mos(juit(X'S.  If 
liquid  xaselinc  ci\n  not  be  obtained  ordinary  vaseline  may  be  u.^ed, 
a  teaspoonful  of  the  oil  of  citronella  bein<^  mixed  with  two  ounces  of 
vaseline. 

It  is  obvious  that  the  use  of  substances  that  are  only  temporary 
in  their  protective  power  and  that  depend  entirely  upon  the  will  of 
the  individual  for  what  success  they  may  have,  are  not  of  any  ^'eat 
value  in  the  propliylaxis  of  malaria  in  the  military  service.  Such 
methods  are  miserable  nuikeshifts  and  should  be  rendered  unneces- 
sary by  the  adoption  of  more  scientific  and  valuable  ones. 

The  value  of  screenin<2:  and  the  use  of  the  mosquito  net  has  been 
abundantly  proven  by  practical  experiments,  be^innino:  with  that  of 
Sambon  and  Low.  These  investi^rators,  in  order  to  test  the  truth  of 
the  theory  that  the  malarial  infections  are  transmitted  by  moscjuitoes. 
spent  an  entire  summer  at  Ostia,  a  most  malarious  region  in  the 
Koman  Campagna,  residing  in  a  mosquito-prwjf  hut.  During  the 
day  the  time  was  spent  mostly  out  of  doors,  but  early  in  the  after- 
noon the  observers  retired  to  their  hut  and  there  spent  the  night. 
Neither  investigator  developed  malaria,  although  it  was  said,  by  the 
natives,  that  to  spend  one  night  in  that  place  would  result  in  a 
malarial  paroxysm,  and  most  of  the  inhabitants  wlio  were  not  pro- 
tected by  screens  developed  the  disease  during  the  summer  the  ob- 
servers spent  there. 

Of  the  notable  instances  of  the  protection  from  malaria  afforded 
by  screening  may  be  mentioned  the  experiments  of  Procaccini.  in 
Sardinia,  and  of  Tzuzuki,  in  Formosa,  with  military  troops:  and  in 
the  Canal  Zone,  in  the  settlements  of  Gatun  and  New  Gatun,  as  re- 
ported by  Orenstein. 

Trocaccini,^^  in  Sardinia,  reduced  the  number  of  cases  of  malaria 
jjmong  the  soldiers  from  70  per  cent  to  57  per  cent,  in  one  season, 
by  screening  the  barracks,  and  later  the  percentage  was  reduced  to 
less  than  20  per  cent. 

In  Formosa,  Tzuzuki  ^'^  tested  the  efficiency  of  screening  by  select- 
ing 115  soldiers  of  a  battalion  stationed  at  Kirun.  a  most  malarious 
locality,  and  furnishing  them  Avith  screened  barracks,  the  remainder 
of  the  battalion  being  unprotected  from  the  bites  of  the  mosquitoes. 
The  115  soldiers  were  thus  protected  from  September  21  to  De- 
cember 8,  the  malarial  season,  and  not  a  case  of  the  disease  developed 
among  them,  while,  in  the  same  time,  among  the  750  soldiers  not  so 
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protected  there  developed  319  cases  of  malaria.  The  men  were  con- 
fined in  the  screened  barrack  from  half  an  hour  before  sunset  to 
half  an  hour  after  sunrise  during  this  time,  and  wore  head-nets 
and  gloves  when  on  service  at  night. 

Orenstein  ^^  gives  a  most  interesting  account  of  the  value  of  screen- 
mn  as  illustrated  in  the  settlements  of  Gatun  and  Xew  Gatun,  in 
the  Canal  Zone.  Gatun  had  a  population  of  approximately  4.500, 
residing  in  screened  quarters,  while  Xew  Gatun,  having  a  popula- 
tion of  about  5,000,  had  no  screened  quarters.  With  this  exception 
the  surroundings  were  identical  so  far  as  chances  for  malarial  infec- 
tion were  concerned.  Observation  extending  over  three  years  showed 
that  the  malarial  incidence  for  Gatun  and  New  Gatun  was  as  2  is 
to  3,  the  following  being  the  yearly  incidence  in  each  settlement : 


Year. 

Gatun. 

New 
Gatuii. 

1909            

Per  cent. 
5.35 
5.37 
8.75 

Per  cent. 
10.04 

1910        

9.21 

1911       

12.59 

In  his  conclusions  Orenstein  says: 

A  properly  screened  dwelling  can  be  depended  upon  to  reduce  by  at  least  one- 
third  the  malaria  incidence  in  a  locality  where  malaria  is  endemic. 

These  instances  illustrate  how  valuable  a  prophylactic  method  we 
possess  in  screening  when  it  is  efficiently  applied,  but  it  should  be 
remembered  that  it  is  far  less  valuable  than  is  the  abolition  of  the 
breeding  places  of  moscjuitoes  when  this  can  be  accomplished.  How- 
ever, as  has  been  repeatedly  stated,  it  is  only  under  exceptional  con- 
ditions that  one  is  able  to  entirely  rid  a  locality  of  mosquitoes,  and 
it  therefore  follows  that  screening  must  always  remain  one  of  our 
most  valuable  accessory  methods  in  the  prophylaxis  of  these  infec- 
tions. In  the  field,  of  course,  we  must  depend  entirely  upon  the 
use  of  the  mosquito  net  and  quinine  in  the  prophylaxis  of  malaria 
among  troops,  but  in  permanent  posts  screening  should  not  be  de- 
pended upon  to  the  exclusion  of  other  prophylactic  measures,  but 
should  be  used  along  with  them. 

Screening  of  malarial  patients. — In  concluding  this  chapter  I  de- 
sire to  call  attention  to  the  very  great  importance  of  screening  all 
mahirial  patients  as  long  as  the  plasmodia  can  be  demonstrated  in 
Muy  number  in  tlie  peripheral  blood.  It  is  obvious  that  if  we  place 
the  infected  individual  in  a  position  where  mosquitoes  can  bite  him 
the  mosquitoes  will  become  infected,  provided  gametes  are  present, 
oi-  the  patient  may  become  reinfected  by  the  bite  of  an  infected  mos- 
(|nito.  Despite  these  facts  I  have  several  times  observed  malarial 
])atien(s  in  a  common  ward  lying  unprotected  by  a  mosquito  net. 
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althou<;Ii  tlie  ward  ua.>  not  screened  and  anophelines  wore  pifseiit. 
It  is  needless  to  connnent  upon  such  a  situation,  Ijut  it  is  cne 
that  will  continue  to  occur,  in  isolated  instances,  until  tlie  malarial 
fevers  are  consideied  as  infectious  diseases  and  the  same  precautions 
taken  to  prevent  their  spread  as  w^ould  be  taken  in  the  case  of  yellow 
fever. 

In  a  carefully  screened  ward  it  would  be  unnecessary,  of  course, 
to  further  screen  a  malarial  ])atient,  but  in  an  unscreened  ward  this 
should  always  be  done,  and,  under  such  circumstances,  it  is  Ix^tter  to 
place  the  patient  in  a  room  by  himself,  the  same  precautions  being 
taken  regarding  screening,  nor  should  he  be  allowed  to  leave  the 
screened  quarters  until  the  plasmodia  have  either  disappeared  from 
his  blood  or  been  reduced  to  a  noninfectious  minimum.  This  will, 
of  course,  necessitate  a  microscopic  examination  of  the  j)atient"s  blood 
at  daily  intervals,  but  it  is  only  by  such  an  examination  that  we  can 
adequately  control  the  treatment  of  malaria  and  render  the  pro- 
phylaxis of  the  disease  effective,  so  far  as  the  patient  is  concerned. 
The  screening  of  every  individual  in  hospital  for  malarial  fever  is 
an  absolutely  necessary  prophylactic  measure  if  one  desires  to  limit 
the  spread  of  these  infections. 


Chapter  V. 

PROPHYLACTIC    METHODS    BASED    UPON    THE    DESTRUCTION    OF 
MALARIA  PLASMODIA   (QUININE   PROPHYLAXIS). 

It  is  obvious  that  if  we  can  destroy  or  prevent  the  development  of 
the  malaria  plasmodia  in  infected  individuals  we  will  succeed  in 
preventing  the  disease,  as  it  will  thus  be  impossible  for  mosquitoes 
to  become  infected.  This  fact  is  the  basis  of  quinine  prophylaxis, 
which  consists  in  the  administration  of  this  drug  to  all  individuals 
harboring  the  plasmodia  and  to  all  those  exposed  to  the  bites  of 
mosquitoes  capable  of  transmitting  the  plasmodia  to  man. 

Perhaps  no  method  in  the  prophylaxis  of  the  malarial  fevers  has 
given  rise  to  more  controversy  than  the  use  of  quinine  as  a  prophy- 
lactic. Enthusiasts  in  its  favor  have  claimed  that  the  use  of  this 
drug  alone  is  all  that  is  needed  to  eradicate  malarial  infections  from 
any  locality,  while  its  most  violent  enemies  have  claimed  that  it  is 
not  only  practically  useless  but  even  harmful.  It  is  evident  that 
the  truth  must  lie  somew^here  between  these  extreme  opinions,  and 
it  is  my  belief  that  quinine  prophylaxis  is  a  most  valuable  method, 
but  one  that  should  not  be  relied  upon  to  the  exclusion  of  other 
methods  except  under  conditions  that  render  the  combination  with 
other  methods  impossible. 

From  the  observations  of  many  investigators  we  know  that  quinine 
is  capable  of  destroying  the  plasmodia  while  tiiey  are  in  the  blood 
of  man,  and  from  clinical  observation  we  know  that  this  destruction 
is  followed  by  the  disappearance  of  the  symptoms  of  infection 
and  the  recovery  of  the  patient.  In  other  words,  quinine  is  a  specific 
in  the  treatment  of  malaria,  and  to  deny  the  efficacy  of  the  same 
drug,  when  ]iroperly  administered,  in  the  prophylaxis  of  the  same 
disease  is  absurd.  If  quinine  can  destroy  the  plasmodia  after  symp- 
toms of  infection  are  present,  it  will  certainly  destroy  them  before 
they  become  numerous  enough  to  cause  symptoms;  but  experience 
has  shown  that  enough  of  the  drug  must  be  given  to  really  destroy 
the  parasites,  and  that  this  means  that  considerable  doses  have  to  be 
taken  and  have  to  be  continued  just  as  long  as  the  individual  is  ex- 
posed to  mahiria  mosquitoes. 

The  most  ardent  advocates  of  this  method  of  prophylaxis,  as  Koch, 
have  claimed  that  by  it  alone  it  is  possible  to  rid  a  community  of 
80 


PROPHYLAXIS   OF    MALARIA.  81 

malaria,  but  in  practice  this  result  could  only  be  attained  where  tlie 
drug  could  be  administered  to  every  individual  in  the  infected  locality 
for  a  lon<^  period  of  time,  for  the  prophylactic  use  of  the  drug  woul  1 
have  to  be  continued  as  long  as  Anophclrft  were  present,  for  just  so 
long  would  there  be  danger  of  the  spread  of  the  diseas**  from  the 
mos((uit()es  becoming  infected  by  imj)orted  cases  of  malaria.  There- 
fore it  follows  that  while  quinine  prophylaxis  is  n  method  of  the 
very  greatest  value  in  the  prevention  of  malaria,  it  can  not  l^e  de- 
pended u])on  alone,  but  should  be  combined  with  those  that  have 
already  Ix'en  described. 

The  results  achieved  by  this  method  of  i)rophylaxis  have  varied 
greatly  in  ditl'erent  localities,  dej)ending  upon  the  methods  of  admin- 
istraticm  and  the  form  of  quinine  used;  the  efficiency  with  which  the 
administraticm  of  tlie  drug  has  been  conducted;  and  the  class  of 
people  with  whom  the  method  has  been  tried;  so  that  the  literature 
is  tilled  with  discordant  reports  regarding  the  value  of  the  drug 
as  a  prophylactic.  Most  of  the  unfavorable  reports  have  been  the 
result  of  careless  applicaticm  of  the  method  or  of  lack  of  control  of 
the  people  to  be  benefited.  It  is  obvious  that  to  be  successful  the 
drug  must  be  regularly  administered,  and  in  the  military  service 
this  can  be  done,  whereas  it  might  be  impossible  in  civil  commu- 
nities. It  is  true,  however,  that  even  when  the  methcKl  has  been 
given  the  most  careful  trial  it  has  failed,  in  rare  instances,  to  have 
much  effect  upon  the  incidence  of  malaria;  but  the  experience  of 
numberless  observers  of  the  gi-eat  value  of  the  method  when  properly 
applied  leaves  no  doubt  of  its  worth,  and  the  rare  failures  recorded 
must  have  been  due  to  exceptional  conditions  surrounding  the  experi- 
ments. 

Among  the  arguments  that  have  been  urged  against  quinine  pro- 
phylaxis may  be  mentioned  the  production  of  haemoglobinuria. 
harmful  physical  effect  upon  the  consumer,  the  difficulty  of  applica- 
tion, and  the  danger  of  producing  a  resistant  strain  of  the  plasmodia 
by  the  exhibition  of  small  doses  of  quinine  over  long  periods  of 
time.  As  a  matter  of  fact  none  of  these  objections  are  valid,  and 
there  is  practically  no  proof  that  any  of  them  possess  actual  merit 
sufficient  to  forbid  the  use  of  quinine  in  this  manner.  Haemoglobi- 
nuria is  sometimes  ])r()duced  by  quinine,  but  very  rarely  where  the 
drug  is  taken  regulai-ly,  and  the  few  instances  in  which  it  does  occur 
is  no  argument  against  the  use  of  the  drug.  There  is  absolutely  no 
scientific  proof  that  the  taking  of  quinine,  even  in  much  larger  doses 
than  are  used  in  prophylaxis  and  continued  for  weeks  and  months, 
produces  any  harmful  effect,  and  even  the  slight  dizziness  and  rc^ar- 
ing  in  the  ears  disa])pear  after  taking  the  drug  in  pro])hylactic  doses 
for  a  few  days.    The  danger  of  producing  quinine-fast  strains  of  the 
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Plasmodia  in  this  manner  is  simply  a  theor}'  without  any  proof  of 
scientific  value,  while  the  objection  regarding  the  difficulty  of  apply- 
ing the  method  is  true  of  many  other  prophylactic  methods  and  a 
poor  excuse  for  its  neglect.  Certainly  in  the  military  service,  where 
men  are  under  absolute  control,  there  can  be  no  excuse  for  neglecting 
quinine  prophylaxis  when  it  is  needed,  because  it  requires  careful 
supervision  and  therefore  entails  labor  upon  the  sanitary  personel. 
Quinine  prophylaxis  has  been  found  of  the  greatest  service  in  keep- 
ing down  the  incidence  of  malaria  in  some  of  our  permanent  posts 
in  the  Philippines,  and  during  active  operations  by  troops  in  the 
field  in  malarial  regions  it  will  always  have  to  be  our  chief  defense 
against  these  infections.  It  is  therefore  essential  that  the  medical 
officer  be  acquainted  with  the  various  methods  of  applying  this  form 
of  prophylaxis,  which  includes  a  knowledge  of  the  effect  of  quinine 
upon  the  plasmodia ;  the  form  and  time  of  administration  of  the 
drug;  the  proper  treatment  of  initial  infections,  of  latent  infections, 
and  of  gamete  carriers:  and,  finally,  of  the  results  that  ma}^  be  ex- 
pected from  this  method  when  it  is  efficient!}^  applied. 

Action  of  quinine  upon  the  malarial  plasmodia. — In  1867  Binz 
demonstrated  that  quinine  in  solution  killed  infusoria  with  which 
the  solutions  were  brought  in  contact,  and  concluded  from  this  that 
its  effect  in  malaria  was  due  to  the  destruction  of  the  cause  of  the 
disease.  In  1881  Laveran  demonstrated  that  quinine  solutions,  when 
added  to  blood  containing  the  plasmodia,  produced  immediate  cessa- 
tion of  the  movements  of  the  plasmodia,  while  Golgi,  Romanowsky, 
Mannaberg,  Zieman,  Schaudinn,  and  others  described  degenerative 
changes  produced  by  the  drug  in  the  various  species  of  plasmodia. 
The  results  of  these  various  observers  were  often  conflicting,  and 
many  of  their  conclusions  were  founded  upon  insufficient  evidence. 
In  1910  I  ^^  published  the  results  of  continued  studies  upon  the  effect 
of  quinine  on  the  various  species  of  plasmodia,  as  shown  in  both  fresh 
and  stained  preparations  of  blood,  and  these  results  have  since  been 
confirmed  by  many  observers.    They  may  be  summarized  as  follows: 

PlasTKiodinm  vivax  (tertian  plasm^diiim) . — In  fresh  preparations 
of  blood  obtained  after  the  administration  of  quinine  marked  mor- 
phological changes  are  observed  in  every  stage  of  development,  with 
the  exception  of  the  stage  just  preceding  sporulation  and  in  the 
riilly-(level()])ed  gametes.  The  morphological  changes  observed  in 
the  living  organism  consist  in  an  initial  stimulation  of  amoeboid 
activity.  followiMJ  \)\  a  decrease  in  activity,  and  eventually  by  cessa- 
tion of  all  niolioii:  a  granular  degeneration  of  the  cytoplasm  which 
has  an  increased  refractive  index:  fragmentation  of  the  plasmodium, 
foilowcd  by  the  a]i]iarent  extrusion  of  the  fragmented  organism  from 
the  i-ed  c()ri)uscle:  and  an  apparent  increase  in  the  amount  of  pig- 
ment in  those  organisms  which  undergo  development  in  spite  of  the 
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quinine.  In  ntdlned  preparations  tlie  niorphologicjil  changes  are 
much  more  ap[)arent,  consisting  in  poor  staining  reactions  of  th** 
cytoplasm,  while  the  chromatin  of  the  nucleus  stains  darker  and  is 
stainable  long  after  the  cytoi)lasm  has  ceased  to  stain;  the  preven- 
tion of  normal  increase  in  the  amount  of  chromatin,  as  shown  by  the 
Plasmodia  containing  much  less  of  this  material  at  certain  stages  of 
growth  than  normal;  the  prevention  of  normal  division,  as  shown  by 
Plasmodia  in  which  only  a  portion  has  divided,  thus  producing 
atypical  sporulating  forms;  and  sporulating  forms  in  which  many 
of  the  spores  oi'  merozoites  are  devoid  of  chromatin.  Many  of  the 
organisms  show  undoubted  evidences  of  fragmentation  in  the  stained 
preparations.  The  changes  observed  are  present  at  every  stage  in 
the  development  of  the  organism  except  when  (juinine  has  been  given 
just  before  sporulation  and  in  the  fully-developed  gametes. 

PlasmodiiiTn  malarlae  {(juartan  plaHinodiuin) . — The  changes  pro- 
duced by  quinine,  as  shown  in  fresh  and  stained  preparations  of 
blood  containing  Plasmodium  mAxlariae^  are  essentially  the  same  as 
those  produced  in  Plasm,odium,  vivax,  and  while  there  is  some 
evidence  that  this  species  is  slightly  more  resistant  that  the  tertian 
Plasmodium  my  observations  showed  that  even  the  older  parasites 
were  affected,  just  as  in  the  case  of  the  tertian  species. 

7'he  estlvo-autumnal  plasTnodia. — In  both  species  of  estivo- 
autumnal  plasmodia  quinine  produces  practically  the  same  changes 
as  in  the  tertian  and  quartan  species,  except  that  fragmentation  is 
not  so  frequently  observed.  The  crescentic  gam^etes  of  the  estivo- 
autumnal  plasmodia  appeared  unaffected  by  quinine  so  far  as  any 
morphological  changes  are  concerned. 

My  observations  proved  that  the  old  theory  that  only  the  young 
spores  are  affected  by  quinine  and  that  the  drug  must  be  in  the 
blood  at  the  time  of  sporulation  is  untenable,  for  while  the  m^r'ozoites 
are  undoubtedly  more  easily  affected  by  the  drug  than  the  older 
forms,  the  changes  in  morphology  of  the  schizonts  almost  up  to  the 
time  of  sporulation  demonstrate  conclusively  that  quinine  causes 
degeneration  in  even  the  older  plasmodia.  Recent  observers  have 
confirmed  my  observations  regarding  the  action  of  quinine  upon  the 
later  stages  in  the  development  of  the  plasmodia  and  upon  the  mor- 
phological changes  that  are  produced  in  these  organisms  by  the  drug. 
Rieux^^  studied  the  action  of  the  drug  upon  the  tertian  plasmodium 
and  found  that  not  only  were  the  young  schlzonts  affected,  but  that 
if  the  drug  was  commenced  2-1  hours  after  the  paroxysm  when  the 
sehizonts  were  half  grown  many  of  them  were  arrested  in  develop- 
ment and  fragmentation  occurred  in  a  considerable  percentage.  lie 
found  that  the  sporulating  bodies  were  not  affected,  but  that  the  con- 
tinued use  of  quinine  caused  degeneration  of  the  gam-etes  and  eventu- 
ally a  disappearance  of  these  forms  from  the  peripheral  blood.     Bil- 
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let's*^  observations  confirmed  those  of  Rieux;  and  James*%  in  the 
Canal  Zone,  obtained  the  same  results  from  his  studies  of  the  action 
of  quinine  upon  the  plasmodia. 

li'rom  these  observations  it  is  evident  that  quinine  is  capable  of 
affecting  the  plasmodia  in  practically  every  stage  of  their  develop- 
ment, and  it  follows  that  the  best  results  will  be  obtained  in  prophy- 
laxis and  treatment  if  the  drug  is  present  in  the  blood  continually. 
Thus,  I  am  a  firm  believer  in  divided  doses  at  regular  intervals  in 
the  treatment  of  all  forms  of  malarial  infections,  except,  of  course, 
the  pernicious  cases,  where  a  large  dose  of  the  drug  must  be  admin- 
istered at  once ;  and  in  the  prophylaxis  of  the  disease  I  believe  that 
better  results  will  be  obtained  if  quinine  be  given  in  morning  and 
evening  doses  rather  than  in  one  dose  during  the  24  hours.  The 
object  desired  is  to  have  a  maximum  quantity  of  the  drug  continually 
present  in  the  blood,  and  the  nearer  we  approach  this  ideal  the  better 
will  be  our  results  with  the  quinine  prophylaxis  of  malaria.  In 
the  field,  of  course,  it  would  probably  be  necessary  to  depend  upon 
one  dose,  given  either  in  the  morning  or  evening,  but  in  camps  and 
l)osts  a  morning  and  evening  administration  of  quinine  could  be 
arranged  and  enforced  in  the  vast  majority  of  instances. 

The  form,  of  quinine  to  he  used  in  prophylaxis. — Until  quite  re- 
cently we  have  been  very  ignorant  regarding  the  exact  fate  of 
quinine  after  ingestion  and  the  salts  or  compounds  of  the  drug  best 
fitted  for  use  in  the  prophylaxis  and  treatment  of  malaria.  The 
researches  of  Gaglio,  MacGilchrist,  AVebb,  and  others  have  demon- 
strated that  many  of  our  ideas  regarding  the  pharmacology  of  this 
drug  were  erroneous  and  have  resulted  in  new  points  of  view  as  to 
its  use  in  malarial  infections.  Thus,  the  old  idea  that  the  salts  most 
soluble  in  water  should  be  preferred,  because  they  would  be  more 
readily  absorbed  has  been  proven  incorrect,  for  Gaglio  has  shown 
that  the  insoluble  salts  and  compoimds  are  as  well  absorbed  as  the 
most  soluble  salts  of  the  alkaloids,  and  that  the  drug  is  absorbed 
mostly  in  the  intestine  combined  with  the  biliarv  acids  and  carbonic- 
acid  gas.  It  has  also  been  shown  that  if  the  drug  is  taken  daily 
it  accumulates  in  the  blood  up  to  about  double  the  initial  dose,  and 
that  it  is  eliminated  through  the  kidneys,  elimination  never  taking 
longer  than  three  days,  no  matter  how  administered  or  what  prepa- 
ration is  administered.  The  least  soluble  preparations  have  been 
found  the  best  tolerated  by  the  stomach  and  intestines,  because  of 
their  more  gradual  absorption,  and  MacGilchrist  has  shown  that 
the  acid  salts  ai'e  strong  hemolytic  agents  outside  the  body  and  are, 
therefore,  less  safe  than  the  neutral  salts  or  quinine  alkaloid  itself. 

In  the  selection  of  the  form  of  quinine  to  be  used  in  prophylaxis 
all  of  the  points  enumerated  are  of  importance,  owing  to  the  length 
of  lime  that  the  druu:  must  be  administered.     If  there  is  serious  dan- 
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^er  of  tho  {)rodiU'tion  ol"  luMiio^loliiniiria  l)y  thc»  coiistiint  arliiiinistni- 
tion  of  the  iicid  salts  of  ({uinine  they  should  not  be  used;  but,  as  a 
matter  of  fact,  there  is  no  evidence  that  the  prophylactic  use  of  any 
of  the  acid  salts  has  resulted  in  the  production  of  any  appreciable 
amount  of  hemoglobinuria,  so  that  it  may  be  stated  that  they  may 
be  used  in  prophylaxis  without  danger.  It  should  also  l)e  remem- 
bered that  the  j)roi)er  treatment  of  initial  malarial  infections  and 
of  "carriers"  of  the  disease  are  most  important  j)n)i)hylactic  meth- 
ods, so  that  the  consideration  of  the  form  of  (juinine  to  be  used  in 
prophylaxis  must  not  only  take  into  consideration  what  form  can  be 
used  most  successfully  in  preventing  the  disease,  but  also  what  form 
is  most  efficient  in  curing  those  already  infected. 

Of  the  many  salts  and  compounds  of  quinine  that  have  been  used 
in  the  prophylaxis  and  treatment  of  malaria  I  believe  that,  from  a 
military  standpoint,  the  only  ones  deserving  of  ccmsideration  are  the 
sulphate,  the  dihydrochloride,  tannate  of  quinine,  and  the  (juinine 
alkaloid.  Of  these  the  sulphate  and  the  dihydrochloride  (hydro- 
chlorsulphas)  are  on  the  supply  table,  and,  in  my  opinion,  are  all  that 
are  needed  in  the  prophylaxis  and  treatment  of  malaria  in  the  Army, 
although  for  prophylactic  use  the  tannate  might  be  adopted  with 
benefit. 

This  is  the  salt  that  has  been  so  successfully  used  in  Italy  in  the 
prophylaxis  of  the  disease  and  which  Celli  regards  as  the  ideal  one 
for  this  purpose,  owing  to  the  fact  that  it  is  almost  tasteless,  is  well 
tolerated  by  the  stomach,  is  absorbed  more  slowly,  and  is  more  com- 
pletely oxidized  than  other  salts  of  the  drug.  For  the  treatment  of 
those  already  infected  it  is  inferior  to  the  sulphate  or  dihydrochlo- 
ride. MacGilchrist^^  has  recently  urged  the  adoption,  both  for  pro- 
phylaxis and  treatment,  of  the  amorphous  precipitated  quinine  base 
or  alkaloid  for  the  following  reasons:  1.  It  is  sparingly  soluble  in 
water  and  almost  tasteless.  2.  Absorption  is  as  quick  and  complete 
as  after  the  administration  of  quinine  salts.  3.  Being  pure  quinine 
it  represents  quinine  in  the  smallest  bulk  and  weight.  4.  Being  non- 
hemolytic it  is  safer.  5.  Low  cost.  If  further  experience  shows  that 
these  contenticms  are  correct  it  would  appear  as  though  quinine  alka- 
loid possesses  advantages  over  salts  of  the  drug,  but  experience  has 
shown  that  the  sulphate  of  quinine  can  be  relied  upon  in  prophylaxis 
and  treatment  in  the  military  service,  and  there  would  seem  to  be  no 
great  advantage  to  be  gained  by  carrying  on  the  supply  table  sev- 
eral preparations  of  the  drug.  So  far  as  the  danger  of  the  sulphate 
producing  hemoglobinuria  is  concerned,  the  statistics  of  the  Army 
demonstrate  that  it  is  infinitesimal,  for  despite  the  immense  amount 
of  this  salt  that  has  been  used  in  the  prophylaxis  and  treatment  of 
malaria  among  our  soldiers  since  1898,  hemoglobinuria  has  been  so 
rare  as  to  be  a  medical  curiosity. 
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Methods  of  udministration  and  dosage. — In  discussing  this  ques- 
tion two  problems  must  be  considered,  i.  e.,  the  best  method  of  admin- 
istration of  quinine  to  prevent  infection  and  the  dose  required  and 
the  best  method  of  curing  initial  infections  and  carriers  of  the  disease. 
The  latter  will  be  discussed  under  a  separate  heading,  and  I  will  here 
give  the  various  methods  of  quinine  prophylaxis  that  are  intended  to 
directly  protect  the  individual  from  infection  by  the  plasmodia. 

All  methods  of  quinine  prophylaxis  may  be  divided  into  two 
classes — i.  e.,  those  in  which  the  drug  is  administered  daily  and 
those  in  which  the  drug  is  administered  at  larger  intervals.  The 
latter  methods  are  all  aimed  at  doing  away  with  the  irksome 
daily  administration,  but  all  have  the  fault  that  one  must  remem- 
ber the  days  upon  which  quinine  should  be  given,  with  the  result  that 
many  doses  are  missed,  while  there  is  good  evidence  showing  that 
none  of  them  are  as  effective  in  prophylaxis  as  the  daily  administra- 
tion of  the  drug. 

The  following  are  the  chief  methods  of  using  quinine  as  a  prophy- 
lactic, together  with  the  doses  advocated : 

CelWs  method. — The  daily  administration  to  adults  of  40  centi- 
grams (6  grains)  of  quinine.  20  centigrams  in  the  morning  and  20 
centigrams  in  the  evening.  To  children,  20  centigrams  (3  grains), 
10  centigrams  in  the  morning  and  10  centigrams  in  the  evening. 

Sergenfs  method. — The  administration  in  one  dose,  daily,  of  20 
centigrams  (3  grains)  of  quinine. 

Zieman  and  Nochfs  method. — The  administration  of  1  gram  (15 
grains)  of  quinine  every  fourth  day,  given  in  0.25-gram  (4-grain) 
doses. 

Plehn^  method. — The  administration  of  1  gram  of  quinine  (15 
grains)  every  seventh  day. 

KocKs  method. — The  administration  of  1  gram  (gr.  xv)  every 
sixth  and  seventh,  seventh  and  eighth,  eighth  and  ninth,  or  ninth 
and  tenth  days,  according  to  the  severity  of  the  infections  present. 

AVhile  our  choice  of  the  exact  method  of  giving  quinine  as  a  pro- 
phylactic will  be  infiuenced  in  the  military  service  by  local  conditions, 
T  believe  that  the  method  of  Celli,  supported  as  it  is  by  years  of 
success  in  practice,  will  be  found  the  most  efficient  one  for  adoption 
by  troops  campaigning  in  a  malarial  country.  The  giving  of  the 
(hug  in  morning  and  evening  doses  would  probably  often  have  to  be 
re])bi('ed  by  the  ju'actice  of  giving  the  entire  amoimt  in  one  evening 
(lose,  but  the  daUij  a(hninistration  of  tlie  drug  I  believe  to  be  essen- 
tial to  tlie  success  of  malarial  prophybixis  in  an  army  in  the  field. 
For  such  service,  then,  I  would  recommend  the  administration  of 
40  centigrams  (G  gr;.ins)  of  quinine  sulphate  to  every  soldier  every 
day,  preferably  in  an  e(iual  morning  and  evening  dose,  but  if  this  is 
impracticable,  in  a  single  dose  at  evening. 
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In  roofard  to  inulaiia  prophylaxis  in  semipermanent  camps  and 
pormaiKMit  posts,  tlie  daily  administration  of  the  driiir  in  the  do.S''* 
indiciited,  with  tlie  proi)er  rechictions  in  dose  in  women  and  ehihh-en, 
will  likewise  he  found  the  most  etHcient  method;  l)iit  if  for  any  rea- 
son this  method  can  not  he  adopted,  the  administration  of  1  <ridn\ 
(15  grains)  on  the  evening  of  every  third  day  should  be  preferretl 
to  any  other  of  the  interrupted  methods  of  quinine  jjrophylaxis. 
The  reason  for  this  is  evident.  It  has  been  shown  that  all  of  the 
quinine  taken  at  any  one  time  is  entirely  eliminated  within  72  hours, 
so  that  if  an  interrupted  method  of  giving  the  drug  is  adopted  it 
should  be  one  in  which  there  is  no  time  when  the  blood  is  entirely 
free,  and  this  can  only  be  accomplished  by  selecting  one  in  which 
the  dose  is  repeated  within  72  hours.  While  with  the  method  advo- 
cated there  will  be  a  period  of  an  hour  or  so  in  which  the  blood  is 
free  from  quinine,  this  can  be  disregarded  in  practice.  This  method 
has  the  advantage  also  that  it  is  easier  to  remember  to  take  the  dose 
of  (piinine  every  other  day  than  at  the  fourth,  ninth,  and  other  days 
required  by  some  of  the  methods  of  quinine  prophylaxis  already 
mentioned.  The  more  simple  we  make  our  methods  of  prophylaxis 
the  better  they  will  succeed,  especially  with  soldiers,  and  for  this 
reason  I  do  not  favor  the  complicated  methods  advocated  by  some 
authorities  in  which  quinine  is  to  be  taken  at  irregular  intervals. 
The  two  methods  outlined  here  will  be  found  elficient  in  practice, 
the  choice,  if  possible,  resting  with  the  daily  administration  of  the 
drug. 

The  administration  of  smaller  doses  of  quinine  than  those  advo- 
cated in  the  prophylaxis  of  malaria  should  be  discontinued  both 
because  smaller  doses  are  inefficient  and  because  if  there  is  any  danger 
of  the  production  of  quinine-fast  strains  of  the  plasmodia  they  are 
much  more  apt  to  be  produced  by  doses  of  1  and  2  grains  of  quinine 
daily  than  by  the  amount  recommended.  Personally,  I  see  no  proof 
that  such  strains  have  ever  been  developed,  and  while  the  theory 
is  fascinating,  especially  in  the  explanation  of  resistant  infections 
and  relapses,  there  is  no  scientific  evidence  that  such  forms  of  the 
Plasmodia  actually  exist.  Therefore,  my  objection  to  smaller  doses 
of  quinine  than  those  mentioned  is  based  almost  entirely  u]:)on  my 
conviction  that  such  doses  are  insufficient  to  prevent  infection  and 
are  practically  useless  in  the  pn^phylaxis  of  malaria. 

It  should  be  distinctly  understood  that  the  dosage  of  quinine 
recommended  to  prevent  malarial  infections  in  the  healthy  has 
nothing  whatever  in  common  with  that  employed  in  preventing 
relapses  in  the  infected  or  in  the  treatment  of  "carriers"  of  the 
infection.  These  subjects  will  be  shortly  referred  to,  but  the  ex- 
perience  of   Celli,   in   Italy,   absolutely   demonstrates   that    quinine 


88  PBOPHYLAXIS    OF   MALARIA. 

given  in  the  manner  here  recommended  does  preA^ent  malarial  infec- 
tions, although  some  authors,  as  Thomson,  would  have  us  believe 
that  much  larger  doses  are  necessary.  It  is  true  that  larger  doses 
have  to  be  used  in  the  treatment  of  the  infected,  but  for  the  pre- 
vention of  the  disease  in  the  uninfected  the  doses  recommended  will 
be  found  efficient  in  the  very  great  majority  of  instances. 

As  a  prophylactic  quinine  must  be  administered  by  the  mouth. 
When  given  in  this  way  it  may  be  administered  in  the  form  of  a 
solution,  pills,  tablets,  capsules,  wafers,  troches,  and  confections. 
In  the  military  service  the  solution  and  tablets  are  about  the  only 
practicable  forms  where  large  bodies  of  men  are  to  be  treated,  and  in 
the  field  the  cheapest  and  most  useful  method  of  dispensing  the 
drug  is  in  the  form  of  tablets  containing  the  required  dose.  Now- 
adays excellent  tablets  may  be  obtained,  but  even  so,  the  utmost  care 
must  be  used  to  see  that  quinine  is  really  being  supplied  and  that  the 
tablets  are  soluble.  We  are  all  familiar  with  the  insoluble  quinine 
tablet  and  pill,  but  at  the  present  time  the  tablets  upon  the  market 
are  satisfactory  in  this  respect  and  will  be  found  efficient. 

The  solution  of  quinine  may  be  employed  in  camps  and  posts  and 
possesses  the  advantage  that  the  drug  is  more  readily  and  quickly 
absorbed  and  there  is  little  chance  of  the  soldier  evading  the  taking 
of  the  dose.  The  solution  is  prepared  by  dissolving  0.32  grams  (5 
grains)  of  quinine  sulphate  in  4  c.  c.  (1  dram)  of  distilled  water  to 
which  one  drop  of  concentrated  hydrochloric  acid  has  been  added. 
A  large  amount  of  this  solution  can  be  made  up  at  one  time,  as  it 
keeps  well,  and  can  then  be  dispensed  as  needed. 

In  order  to  be  effective  the  administration  of  quinine  as  a  pro- 
phylactic must  be  under  the  direct  personal  supervision  of  a  medical 
officer,  and  this  duty  should  not  be  delegated  to  any  subordinate,  but 
should  be  considered  one  of  the  most  important  personal  duties  that 
the  sanitary  officer  is  called  upon  to  perform.  Many  of  the  reported 
failures  of  quinine  prophylaxis  in  troops  have  been  due  to  the  rele- 
gation of  this  duty  to  careless  subordinates  and  their  inefficient 
ai)i)li('a(ion  of  the  particular  method  selected,  with  the  result  that 
the  method  has  been  condemned  without  a  fair  trial. 

The  proper  treatment  of  malarml  infections  and  of  ^'  carriers  "  in 
the  prophylan'is  of  the  disease. — It  is  well  known  that  after  an  attack 
of  malarial  fever  has  persisted  for  from  8  to  10  days  or  more,  pro- 
vided insufficient  quinine  has  been  given,  there  develop  in  the  blood 
of  the  infected  indivi(hial  forms  of  the  i:)lasmodia  known  as  gametes, 
which  are  capable  of  infecting  anopheline  mostiuitoes.  and  eventually 
of  rendering  these  insects  capable  of  transmitting  malaria  to  man.  It 
is  evident  that  if  tlu'sc  forms  could  be  })revented  from  developing 
moscjuitoes  could  not  become  infected  and  malaria  could  not  be  trans- 
mitted.    It  follows,  therefore,  that  if  (juinine  will  prevent  the  for- 


PROPHYLAXIS   OF    MALARIA.  89 

mation  of  (jameteH^  and  it  will,  f\i*r\  patient  presenting  these  forms 
in  the  blood  is  an  evidence  of  the  improper  treatment  of  his  infection 
by  his  physician,  provided,  of  course,  that  they  were  not  present  when 
he  was  first  seen,  as  the  result  of  a  hitent  or  very  mihl  infection.  As 
a  matter  of  fact  the  vast  importance  of  the  proper  treatment  of  the 
infected  in  tlie  pro])hylaxis  of  the  mahirial  fevers  has  never  been 
fully  realized  by  the  prol'essicm  or  even  by  officers  engaged  in  sanita- 
tion in  malarial  regions,  for  there  is  nothing  more  conunon,  in  many 
such  localities,  than  to  see  gamete  carriers  going  about  their  daily 
occupations  without  having  received  any  advice  regarding  treatment 
and  wholly  ignorant  that  they  are  a  danger  to  the  people  of  the 
community  in  which  they  reside.  In  much  of  our  prophylactic  work 
in  the  military  service  this  phase  of  the  subject  appears  to  have  been 
entirely  overlooked  and  it  is  because  of  their  importance  in  the 
prophylaxis  of  malaria  that  the  subjects  that  follow  are  here 
discussed. 

In  any  thorough  campaign  against  the  malaria  fevers  the  dis- 
covery and  treatment  of  latent  infections,  the  treatment  of  gamete 
carriers,  or  carriers  of  malaria,  and  the  proper  treatment  of  initial 
and  recurrent  cases  of  the  disease  are  fully  as  important  as  other 
methods  of  prophylaxis,  and  yet,  until  recently,  these  subjects  have 
been  looked  upon  as  being  practically  outside  the  province  of  the 
sanitarian  and  of  preventive  medicine.  As  a  matter  of  fact,  the 
prevention  of  "carriers"  of  any  infection  and  the  treatment  of 
those  who  have  become  carriers  is  one  of  the  most  important  func- 
tion of  preventive  medicine,  wdiile  the  discovery  of  latent  infec- 
tions and  their  treatment  would  logically  appear  to  be  the  first  step 
in  the  prevention  of  any  disease.  This  has  been  found  to  be  true 
in  typhoid  fever,  diphtheria,  entamoebic  ch-sentery,  cholera,  and 
other  infectious  diseases  and  it  is  equally  true  in  the  malarial  in- 
fections. 

The  discovery  and  treatment  of  latent  infections. — By  a  latent 
malarial  infection  we  understand  one  in  which  the  plasmodia  may  be 
demonstrated  in  the  peripheral  blood,  but  in  which  no  clinical  symp- 
toms of  sufficient  gravity  to  attract  attention  are  observed.  The 
term  includes  both  those  instances  in  which  no  definite  symptoms  of 
malaria  have  ever  been  observed,  and  those  cases  in  which  the  disease 
is  latent  between  recurrences. 

It  is  well  known  that  in  malarial  localities  a  considerable  propor- 
tion of  individuals  in  apparently  fair  health  are  "carriers'*  of  the 
Plasmodia,  and  that  the  natives  of  these  regions  possess  an  acipiired 
immunity  to  the  usual  otlects  of  the  malaria  toxin,  although  the 
Plasmodia  may  develoj)  in  such  individuals  and  be  demonstrable  in 
the  blood.     It  has  also  been  shown  that   insufficient   treatment  of 
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malarial  infections  results  in  the  production  of  carriers  of  the  disease 
and  that  man}^  patients  discharged  as  cured  from  the  hospital  will 
];e  found  to  have  plasmodia  in  their  blood  for  long  periods  before  a 
relapse  occurs,  and  that  many  of  these  become  efficient  "carriers" 
of  the  disease  owing  to  the  development  of  gametes  during  these 
latent  periods. 

Proportion  of  latent  infections. — The  proportion  of  latent  infec- 
tions varies  greatly  in  different  localities  as  is  shown  by  the  tables 
that  follow,  but  it  may  be  stated  that  such  infections  occur  in  a 
considerable  percentage  of  both  children  and  adults  in  every  region 
in  which  malaria  is  endemic  to  any  extent,  and  that  the  discovery 
and  treatment  of  these  infections  is  of  great  importance  in  the  pro- 
phylaxis of  malaria  in  such  regions.  In  the  following  tables  the 
percentage  of  malaria  in  the  cases  recorded  was  determined  by  the 
finding  of  the  plasmodia  in  the  blood,  which  is  a  much  more  accurate 
method  than  the  splenic  index  which  Avill  be  discussed  later. 

Koch,*^  to  whom  we  owe  practically  the  first  observations  along 
this  line,  concluded,  from  his  work  in  Africa,  that  latent  malarial 
infections  were  almost  entirely  confined  to  children,  but  further  ob- 
servations have  shown  that  latent  infection  is  very  frequent  in 
adults  in  malarial  localities,  and  that  the  true  index  of  the  prevalence 
of  the  disease  in  any  region  can  only  be  determined  by  the  examina- 
tion of  the  blood  of  both  children  and  adults.  The  following  tables 
give  the  results  of  the  principal  investigations  in  regard  to  the  pre- 
valence of  latent  infections  in  the  natives  of  malarial  regions : 

Table  I. — Thoinaa's  observations  in  Manos,  Xortli  7?/7/.://." 


Age. 


G  months  to  2  years 
2  years  to  T)  yoars. . 
5  years  loS  years.. 
8  years  to  10  years. 

Total 


Number 
examined. 


9 

38 
51 
59 


157 


Number 
infected. 


3 

20 
28 
27 


78 


Percent- 
age. 


33.3 
52.6 
54.9 
45.7 


49.6 


James,"*"  in  India,  found  the  percentage  of  latent  infection  in 
native  children  to  vary  greatl}^  in  different  localities.  At  Mian 
Mir  children  up  to  2  years  of  age  showed  80  per  cent  infected;  up 
to  5  years,  G6  per  cent;  up  to  10  years,  50  per  cent,  while  children 
older  than  10  years  showed  no  infection.  At  Ennur  children  up  to 
3  yQRVS  years  of  age  showed  65  per  cent  infected ;  up  to  5  years,  51 
per  cent ;  up  to  10  years,  40  per  cent,  and  uj^  to  15  years,  16  per  cent. 

\t  Camp  Stotsenburg,  in  the  Philipi)ine  Islands,  1*^  have  exam- 
ined the  blood  of  45  native  adults  and  180  native  children,  all  o't 
whom  at  the  time  of  examination  wei'e  free  from  s^^mptons  of  mala- 
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)i;i.  Tlie  followirif]^  lahlc  <^iv(»s  the  results  of  the^e  exaiiiinations, 
hill  only  includes  117  of  the  chihiren,  as  only  in  this  nunilxT  cnwU] 
I  ohtain  the  exact  a^e. 

'i\\ni,i;  11. — Crui{/\s  <thH<'rv<iti<nis  at  Cntnit  Stotscnbutf/,  Ishmtl  of   Luzon.  /'//i7i/;- 

jnncH. 


Age. 

Number 
examined. 

Number 
infecte<i. 

Percent- 
age. 

1  to  5  vpars , 

40 
54 
53 
45 

30 
20 
13 
28 

75 

5  to  10  vPiirs 

37 

10  to  1 .')  vpurs 

24.5 

Adults 

62.2 

Total 

192 

91 

47.3 

The  \nr<re  percentage  of  adults  showing  latent  infection  in  this 
locality  was  contrary  to  the  reports  of  Koch.  James,  and  others  that 
only  the  children  in  malarial  localities  suffered  from  latent  infec- 
tion, but  my  observations  have  since  been  confirmed  by  numerous 
observers,  as  is  shown  in  the  following  tables : 

Table  III. — OUwig's  observations  in  Dutch  East  Africa.*' 


Age. 

Number 
examined. 

Number 
infected. 

33 

83 
109 

Percentage, 

I  ndpr  1  year.         

93' 
220 
971 
650 

35.4 

1  year  to  5  years     

37.7 

5  years  to  15  years 

11.2 

Adults 

105                  16. 1 

1 

Total 

1,934 

330 

17.0 

Table  IV, — Soi'cVs  observations  on  the  Ivory  Coast,  Africa. 


Age. 

Number 
examined. 

Number 
infected. 

Percentage. 

Under  1  year  of  age 

134 
253 
328 
275 

75 
141 
125 
110 

56 

1  yejxr  to  5  years 

56 

5  years  to  15  years 

38 

Oyer  15  years  (adults) 

43 

Total 

990 

451 

44.4 

Table  V. — A.  Plehn's  observations  in  Kamerun,  West  Aftica. 


Age. 

Number 
examined. 

Number 
infected. 

Percentage. 

I'ndcr  2  years 

IS 
26 
40 
43 

17 
24 
34 
26 

91 

Between  2  and  5  years. 

92 

Bet  ween  5  and  10  years 

85 

Adults '. 

60 

Total 

127 

101 

79.5 

92 
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Table  VI. — kieryvnVs  ohservationa  in  Alycriu,  Africa. 


Age. 


Number    i    Number 
examined.  '    infected. 


Percentage. 


I  to  5  years . . 
6  to  10  years. 

II  to  1.5  years 
Adults 

Total.. 


In  Pabna  Hope  found  that  while  922  adults  showed  latent  infec- 
tion only  8G2  children  showed  the  plasmodia,  thus  demonstrating 
that  in  this  locality  the  adult  latent  malaria  ratio  was  higher  than 
the  ratio  in  children. 

If  we  consolidate  the  data  relating  to  latent  malarial  infection 
obtained  from  different  localities  it  will  be  found  that  the  percentage 
of  infection  varies  but  little  in  adults  or  children  in  badly  infected 
localities,  as  is  shown  by  the  following  table  compiled  from  the 
observations  of  the  authors  quoted  and  from  my  own : 

Table    VII. — Consolidated    tahle    shoiving    the    iirevalence    of    Intent    malarini 

infections  at  various  ages. 


Age. 


Number 
examined. 


1  too  years.. 
5  to  10  years. 
10  to  15  years 
Adults 

Total.. 


1,684 
1,645 
1,390 
4.931 


9,650 


Number 
infected. 


502 

463 

437 

1,139 


Percentage. 


29.8 
28.1 
31.4 
23.0 


2,541 


26.3 


From  these  observations,  which  comprise  only  a  few  of  the  many 
relating  to  latent  infections,  one  may  gather  an  idea  of  the  immense 
importance  of  this  subject  in  the  prophylaxis  of  the  malarial  fevers, 
where  anopheline  mosquitoes  can  not  be  reduced  beyond  a  noninfec- 
tious minimum,  and  as  this  is  true  of  the  majority  of  places  in  the 
Tropics  the  recognition  and  treatment  of  the  latent  infections  among 
the  surrounding  native  population  is  absolutely  necessary  in  order 
to  control  the  disease.  This  was  demonstrated  at  Camp  Stotsenburg, 
where  a  very  large  part  of  the  infection  present  among  the  troops 
was  contracted  frcmi  the  latent  infections  present  in  the  native  popu- 
hition  suiTounding  the  post.  Although  the  greatest  precautions  were 
taken  regarding  the  abolition  of  the  breeding  places  of  mosquitoes 
and  the  use  of  mosquito  nets  in  the  barracks,  the  troops  suffered 
greatly  from  malaria,  and  it  was  not  until  the  examination  of  the 
blood  of  (lie  natives  in  the  surrounding  barrios  showed  that  prac- 
tically 50  j)er  cent  of  them  were  "carriers"  of  the  infection  that  the 
])revalence  of  malaria  among  the  troops  was  fully  explained.  It  is 
undoubtetllv  true  that  a  (luarantine  aijainst  the  little  barrios  in  close 
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proximity  to  tliis  ])ost  would  liave  very  <:iTatly  rcdnrod  the  amount 
of  malaria  amon<r  the  troops  at  tliat  time,  as  the  observation.^  upc)n 
the  latent  infections  in  tlie  natives  proved  conclusively  that  much  of 
the  malaria  existin<j:  amon<^  the  troops  at  Camp  Stotsenhur^  was  due 
to  infection  received  while  visitin^r  the  barrios  and  that  any  efforts 
to  limit  the  disease  in  the  post  must  take  this  condition  into  account. 
It  will  thus  be  seen  that  latent  infection  amon^'-  the  natives  in  a 
country  occupied  by  troops  is  a  most  imjjortant  factor  in  the  spread 
of  malaria,  and  that  the  discovery  and,  if  possible,  the  treatment 
of  these  infections,  is  necessary  in  the  prophylaxis  of  the  disease. 

Not  only  are  the  natives  in  a  nuilarial  region  a  source  of  danger 
to  troops,  but  latent  infections  among  the  soldiers  themselves  furnish 
a  constant  menace  to  the  health  of  the  command.  Imj)roperly  treated 
cases  o-f  the  disease  almost  always  become  ''  carriers  ''  of  the  infection, 
and  it  is  just  as  important  to  recognize  latent  infection  among  the 
troops  as  it  is  among  the  native  population.  As  an  illustration  of 
this  I  may  mention  the  results  of  an  examination  of  the  blood  of  a  com- 
pany of  United  States  soldiers  returning  from  the  Philippine  Islands 
in  1902. 

In  August,  1902,  Company  H,  Sixteenth  Infantry,  United  States 
Army,  reached  San  Francisco  from  the  Philippine  Islands,  having 
served  in  the  Cagayan  Valley,  a  notoriously  malarial  region  in  those 
islands.  On  August  16,  1902,  this  company,  out  of  a  total  strengUi 
of  some  GO  men,  had  14  men  in  hospital  suffering  from  malarial  infec- 
tion, all  having  had  chills  since  arrival  in  the  United  States.  On 
account  of  this  large  proportion  of  sick  in  hospital,  I  believed  it 
would  be  advisable  to  make  a  blood  examination  of  the  entire  com- 
pany, and  accordingly,  on  August  IT  and  18,  I  examined  the  blood  of 
every  man  on  duty  in  Company  H,  with  the  following  results :  Of  the 
47  men  who  were  doing  duty  and  were  apparently  in  good  health.  I 
found  that  27,  or  over  57  per  cent,  showed  some  form  of  malaria 
Plasmodium  in  their  blood.  Of  these  27  men,  25  were  infected  with 
the  estivo-autumnal  plasmodia  and  2  with  the  tertian  Plasmo- 
dium. Of  these  men  no  less  than  13  showed  crescents  or  c/ametes, 
and  were,  therefore,  carriers  of  malarial  infection,  while  the  remain- 
der showed  the  forms  observed  in  the  human  life  cycle  of  the  Plas- 
modia. It  is  unnecessary  to  discuss  the  importance,  from  a  pro- 
phylactic standpoint,  of  such  a  body  of  men,  should  they  have  entered 
a  territory  in  which  anopheline  mosquitoes  were  present  but  in  which 
nuilarial  infecticms  were  absent,  nor  is  it  necessary  to  speak  of  the 
importance  of  properly  treating  such  infections  in  the  prevention  of 
the  disease.  One  thing,  however,  should  be  emphasized,  and  that  is 
that  had  these  men  been  properly  treated  in  the  beginning  their  in- 
fections would  have  been  cured  and  they  would  not  have  become  car- 
riers of  the  disease. 
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Methods  of  recognizing  latent  infections. — We  have  two  methods 
of  recognizing  latent  malarial  infections — the  examination  of  the 
blood  and  the  palpation  of  the  spleen,  which  is  generally  enlarged. 
Of  these  methods  the  examination  of  the  blood  is  altogether  the 
most  accurate,  although  it  involves  considerable  labor,  and  for  this 
reason  is  often  neglected.  The  splenic  index,  as  it  is  called,  is  often 
a  valuable  guide  as  to  the  prevalence  of  malaria  in  a  locality,  but  this 
organ  is  enlarged  from  other  causes  than  malaria,  and  this  fact  often 
renders  the  splenic  index  misleading.  In  addition,  the  enlargement 
of  the  spleen  may  simply  mean  past  infection  and  does  not  always 
indicate  that  treatment  is  needed  at  the  time  of  examination.  Wiere 
blood  examinations  can  not  be  made,  the  splenic  index  must  bo 
relied  upon,  but  in  the  military  service,  when  it  is  desired  to  ascer- 
tain the  actual  amount  of  malaria  present,  blood  examinations  of 
the  natives  should  always  be  depended  upon,  and  in  the  prophylaxis 
of  the  disease  among  the  troops  a  blood  examination  should  always 
be  made  before  patients  are  returned  to  duty  after  an  attack  of 
malaria  and  in  any  effort  to  discover  latent  infections  among  the 
men.  Every  medical  officer  should  be  familiar  Avith  the  appearance 
of  the  various  species  of  malaria  plasmodia  in  both  fresh  and  stained 
preparations  of  blood,  and  for  this  reason  the  detailed  description  of 
these  organisms  and  the  methods  of  demonstrating  them  have  been 
given  in  the  opening  chapter  of  this  contribution.  It  is  true  that 
much  time  and  patience  is  required  in  making  an  estimate  of  latent 
infection  in  a  native  population  and  in  discovering  these  infections 
in  the  men  of  a  command,  but  the  importance  of  the  procedure  is  so 
great  that  it  is  time  well  expended,  and  the  labor  involved  is  no  ex- 
cuse for  the  neglect  of  this  very  valuable  prophylactic  measure. 

The  treatment  of  latent  infections. — Immediately  upon  the  dis- 
covery of  latent  infections  treatment  should  be  commenced,  and  the 
treatment  will  vary  with  the  particular  species  of  plasmodium  pres- 
ent, and  whether  gametes  have  developed.  The  treatment  of  the  lat- 
ter class  of  cases  will  be  considered  in  the  following  section  dealing 
with  "carriers"  of  malaria,  as  it  differs  widely  from  that  necessary 
in  those  individuals  in  whom  only  the  forms  of  plasmodia  concerned 
in  the  human  cycle  of  development  are  present,  comprising  approxi- 
mately 50  per  cent  of  all  latent  infections. 

The  i)r()])er  treatment  of  the  class  of  cases  just  referred  to  is  im- 
perati>e  if  one  wishes  to  prevent  the  development  of  gametes^  for  in 
the  vast  mnjority  of  such  cases  it  is  only  a  question  of  time  before 
they  will  become  "carriers"  of  the  disease,  for  while  gamete  forma- 
tion may  be  delayed  it  undoubtedly  occurs  at  some  time  in  the  vast 
majority  of  latent  infeciions,  as  has  been  repeatedly  shown  by  blood 
examinations  in  individual  cases.  Fortunately,  tliese  infections,  be- 
fore the  formation  of  ganwtes.  are  even  more  amenable  to  treatment 
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than  acute  infections,  and  I  bclie\c  lliul  I  am  safe  in  stating  tliat 
every  one  of  them  can  be  cured  if  [)roperly  treated. 

So  far  as  prophylaxis  is  concerned,  the  object  of  treatment  in 
latent  infections  in  wliich  only  the  forms  of  plasmodia  belon^in^  to 
the  human  life  cycle  occur,  is  to  prevent  the  individuals  harboring 
tiiese  forms  from  heconihiij  carriers  of  malaria,  as  they  will  be  if 
gametes  are  allowed  to  develop.  As  these  individuals  are  not  infec- 
tive to  moscjuitoes,  because  gani-eteH  have  not  yet  developed,  there  is 
no  necessity  for  isolating  and  screening  them,  and  as  they  present 
no  symptoms  the  treatment  may  be  pursued  while  they  are  attending 
to  their  ordinary  avocations.  In  the  case  of  soldiers  it  is  not  neces- 
sary to  relieve  them  from  duty,  provided  arrangements  can  be  made 
for  them  to  receive  treatment  at  stated  intervals  under  the  direct 
supervision  of  a  medical  officer,  so  that* the  treatment  of  these  infec- 
tions need  not  interfere  materially  with  military  duties  nor  seriously 
deplete  the  strength  of  the  comnuind.  It  goes  without  saying  that 
the  discovery  and  treatment  of  latent  malarial  infection,  so  far  as 
the  military  service  is  concerned,  must  be  confined  to  semipermanent 
camps  and  permanent  posts,  as  these  measures  would  be  imprac- 
ticable in  active  service  in  the  field  where  protection  from  malaria 
must  depend  upon  quinine  prophylaxis,  the  use  of  the  mos<iuito  net, 
and  other  measures  for  protecting  the  men  from  the  bites  of  these- 
insects. 

While  in  civil  life  the  treatment  of  latent  infections  due  to  the 
tertian  and  quartan  plasmodia  differs  from  that  of  infections  due 
to  the  estivo-autumnal  plasmodia,  in  that  smaller  doses  of  quinine 
are  used  for  the  former  infections,  it  will  be  better  in  the  military 
service  to  adopt  a  scheme  of  treatment  that  will  cure  all  cases  and 
that  can  be  easily  remembered  by  the  individuals  concerned.  The 
following  treatment  of  latent  infections  in  which  gametes  are  not 
present  in  the  bloody  while  it  may  err  upon  the  side  of  slightly  too 
much  quinine  in  the  case  of  tertian  and  quartan  malaria  will  be 
found  efficient  in  infections  due  to  the  estivo-autumnal  plasmodia.  It 
should  therefore  be  adopted  if  a  single  rule  of  treatment  of  all  latent 
cases  is  to  be  followed,  and  this  would  appear  to  be  the  ideal  method 
in  the  case  of  troops.    This  method  of  treatment  is  as  follows: 

Every  individual  showing  plasmodia  in  the  blood  (unless  ganwtes 
are  present)  should  receive  2  grams  (gr.  30)  of  (luinine  d;iily  until 
the  plasmodia  have  disappeared  from  the  peripheral  blood.  In  most 
instances  this  Avill  occur  within  three  or  at  most  four  days.  After 
the  Plasmodia  have  disappeared  quinine  should  be  given  in  daily 
doses  of  1  gram  (grs.  xv)  for  two  weeks,  and  for  two  weeks  there- 
after a  daily  dose  of  0.65  gram  (grs.  x)  should  be  administered. 
After  this  the  usual  prophylactic  dose  of  0.40  gram  (grs.  vi)  should 
be  given  daily  for  at  least  two  months. 
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The  method  of  administration  as  regards  time  will  often  depend 
upon  military  necessities,  but  it  is  best  to  give  the  quinine  on  retir- 
ing, or  if  it  can  be  arranged  the  larger  doses  may  be  divided  into 
equal  morning  and  evening  portions.  The  method  may  be  easily 
remembered  if  stated  as  follows:  Thirty  grains  of  quinine  daily 
until  the  plasmodia  disappear,  15  grains  daily  for  two  weeks,  10 
grains  daily  for  two  weeks,  and  6  grains  daily  for  two  months. 

If  this  method  of  treating  these  infections  be  faithfully  carried 
out,  it  Avill  be  found  that  latent  malaria  will  disappear  and  that  none 
of  the  cases  will  become  gamete  carriers  unless  these  forms  of  the 
Plasmodia  develop  within  a  day  or  two  of  commencing  treatment, 
when  the  treatment  to  be  advised  for  destroying  these  forms  should 
be  adopted. 

The  time  to  treat  latent  malarial  infection  is  before  the  develop- 
ment of  gametes  because  these  forms  are  very  much  more  resistant 
to  quinine  than  are  the  forms  concerned  in  the  human  life  cycle  and 
because  the  isolation  and  screening  of  the  infected  individual  is 
necessary  while  treatment  is  being  pursued  if  gametes  are  present. 
Any  considerable  mmiber  of  gam,ete  carriers  in  a  military  post  is  a 
reflection  upon  the  treatment  of  malaria  adopted  by  the  responsible 
medical  officer,  and  is  proof  positive  of  the  improper  treatment  of 
acute  and  latent  malarial  infections. 

The  treatment  of  "  carriers  "  in  the  prophylaxis  of  moHarin. — One 
of  the  most  important,  and  yet  one  of  the  most  neglected,  prophy- 
lactic measures  against  the  spread  of  malarial  infection  is  the  dis- 
covery and  treatment  of  "  carriers  "  of  the  disease.  It  has  already 
been  stated  that  after  a  malarial  infection  has  persisted  for  from 
8  to  10  or  more  days  in  man,  forms  of  the  plasmodia  develop  that 
are  capable  of  further  development  in  the  mosquito,  and  that  these 
eventual!}^  render  this  insect  infective  to  man.  These  forms  are 
called  ^'gametes''''  and  they  can  easily  be  detected  in  the  blood  by 
microscopic  examination.  It  is  obvious  that  if  these  gamete  carriers 
can  be  discovered  and  the  gametes  killed,  these  individuals  will  cease 
to  be  infectious  to  the  mosquito;  but  despite  this  knowledge,  this  most 
important  method  of  preventing  malaria  has  been  all  but  neglected, 
even  in  the  military  service.  It  has  been  shown  that  the  gamete  car- 
riers can  be  rendered  harmless  by  proper  treatment  with  quinine 
and  that  it  is  feasible  to  employ  the  drug  in  this  way  as  a  prophy- 
lactic against  the  disease. 

P'tscorcrj/  of  gamHe  carriers. — The  treatment  of  gamete  carriers, 
()!•  cairiers  of  the  malarial  infections,  depends  upon  their  discovery, 
and  this  depends  entirely  upon  the  examination  of  the  blood  of  in- 
dividuals residing  in  malarial  localities.  The  control  of  the  treat- 
ment of  acute  and  recurrent  infections  by  fretjuent  examination  of 
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the  blood  will  prevent  their  being  discharged  from  hospital  l>efore  the 
(/ametes^  if  present,  are  reduced  to  a  noninfectious  mininiuni.  but 
there  are  many  individuals  in  malarial  regions  who  are  (jamcte  car- 
liers  and  who  have  never  suffered  from  marked  symptoms  of  malarial 
disease.  Theiefore  it  is  necessary  not  only  to  control  the  treatment 
of  acute  infections  l)y  blood  examinations,  but  to  examine  the  blood 
of  the  apparently  healthy  if  we  wish  to  discover  all  (/amete  carriers 
and  render  them  harndess. 

The  time  of  (><■(  urrence  of  (/ametes. — It  is  universally  admitted 
that  (jametes  do  not  develop  in  patients  who  have  been  properly 
treated  with  (juinine,  and  that  in  untreated  cases  they  do  not  develop 
until  the  infection  has  presisted  for  several  days.  The  length  of 
time  required  for  the  (leveloi)ment  of  the  (jarroatea  of  the  estivo- 
autumnal  plasmodia  varies  from  8  to  15  days,  the  usual  period  being 
about  12  days.  In  other  words,  an  estivo-autumnal  infection  must 
have  persisted  for  nearly  two  weeks  before  we  can  expect  to  find  the 
crescents,  or  gametes^  in  the  peripheral  blood.  The  gametes  of  the 
tertian  and  quartan  plasmodia  appear  in  the  peripheral  blood  of 
man  in  from  7  to  10  days  after  the  onset  of  definite  symptoms  of 
infection.  ' 

Although  the  time  given  is  based  upon  the  appearance  of  the 
gametes  after  symptoms  are  noted,  it  should  be  remembered  that 
these  forms  are  often  found  in  individuals  who  have  never  shown 
marked  symptoms  of  infection,  and  we  may  find  these  forms  pres- 
ent on  what  api)ears  to  be  the  very  first  day  of  an  obvious  infection. 

However,  in  the  vast  majority  of  patients,  gametes  do  not  appear 
in  the  blood  until  several  days  after  the  appearance  of  definite 
symptoms  of  malaria,  and  this  fact  is  of  great  importance  in  the 
prophylaxis  of  the  disease,  for  proper  treatment  will  prevent  their 
development  and  thus  prevent  the  infection  of  the  mosquito.  The 
fact  is  also  of  significance  in  explaining  the  origin  of  these  forms, 
and  would  appear  to  indicate  that  gametes  are  not  introduced  into 
man  by  the  moscpiito,  but  that,  as  Schaudinn  believed,  they  are  dif- 
ferentiated during  the  human  life  cycle  of  the  plasmodia  as  the 
result  of  the  reaction  of  the  human  organism  to  the  parasites,  and 
certainly  all  the  evidence  we  possess  i)()ints  to  this  conclusion. 

The  pereentage  of  indiriduals  shotring  gametes. — As  only  those 
individuals  in  whom  the  sexual  forms,  oi*  gametes,  occur  are  capable 
of  infecting  the  moscpiito,  and  thus,  indirectly,  of  infecting  man, 
it  is  of  interest  to  know  how  large  a  percentage  of  our  malarial 
l)atients  become  "carriers."  It  nuiy  be  stated  at  once,  that  unless 
properly  treated,  practically  80  per  cent  will  probably  become  capa- 
ble of  infecting  the  mosquito,  but  the  statistics  here  given  are  based 
upon  actual  observations. 
5S000°— 14 7 
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The  number  of  malarial  patients  becoming  ^*  carriers  "  will  vary, 
of  course,  in  different  localities,  owing  to  conditions  favoring  the 
persistence  of  the  infection,  the  tj^pe  of  infection  present,  the  thor- 
oughness with  which  treatment  is  carried  out,  and  perhaps  other 
conditions  with  which  we  are  yet  unfamiliar.  This  subject  has 
been  most  carefully  studied  in  the  estivo-autumnal  infections,  and 
the  data  we  possess  show  beyond  question  that  the  percentage  varies 
greatly  and  that  the  incidence  of  gametes  in  the  peripheral  blood 
can  not  be  taken  as  a  true  index  of  their  actual  occurrence  in  the 
body,  for  in  many  instances  it  has  been  demonstrated  that  blood 
obtained  by  splenic  puncture  was  rich  in  gametes  when  none  could 
be  demonstrated  in  the  peripheral  blood.  In  my  own  experience 
gametes  have  been  observed  in  a  little  over  33  per  cent  of  all  the 
cases  of  estivo-autumnal  malaria  whose  blood  I  have  examined,  but 
I  am  convinced  that  a  longer  search  in  the  majority  of  these  patients 
would  have  considerably  increased  this  percentage.  In  the  instances 
of  recurrent  infections  in  Filipinos,  Avhich  I  have  had  the  oppor- 
tunity of  studying,  crescents  occurred  in  fully  80  per  cent  and  were 
as  numerous  in  the  adult  Filipino  as  in  the  children.  Most  of  these 
cases  had  received  little  or  no  treatment,  and  for  this  reason,  I  be- 
lieve, the  percentage  is  practically  what  would  be  observed  in  un- 
treated individuals.  From  my  own  observations,  I  believe  that  at 
least  this  percentage  of  cases  of  estivo-autumnal  malaria  will  be- 
come "  carriers  "  unless  they  are  properly  treated. 

We  possess  but  little  data  regarding  the  percentage  of  patients  in- 
fected with  the  tertian  and  quartan  plasmodia  in  whom  gametes  de- 
velop, but,  in  my  own  experience,  I  have  found  that  these  forms  occur 
in  about  50  per  cent  of  the  cases  of  infection  admitted  to  hospital 
and  in  about  30  per  cent  of  latent  infections. 

For  practical  purposes,  an  individual  who  does  not  show  gametes 
in  the  peripheral  blood  must  be  considered  as  incapable  of  transmit- 
ting infection  to  the  mosquito,  but  this  conclusion  should  not  be  ar- 
rived at  from  a  cursory  examination  of  the  blood  but  only  after  the 
most  careful  examination  of  at  least  two  specimens,  taken  at  different 
times,  and,  if  possible,  on  different  days,  for  these  forms  are  often 
numerous  in  the  peripheral  blood  at  one  time  and  practically  absent 
at  another. 

Estitnation  of  the  number  of  gametes  in  prophylaxis. — The  ob- 
servations of  Darling  and  Thomson  have  shown  that  a  certain  num- 
ber of  gametes  must  be  present  in  the  peripheral  bh)od  in  order  to 
render  the  infected  indiviihuil  infective  to  the  mosquito.  In  a  very 
ingenious  series  of  exi)eriments  Darling^'  arrived  at  the  conclusion 
that  tli(>  ixM-iphcral  blood  nuist  contain  at  least  12  crescents  per  cubic 
centimeter,  or  more  t.'i<ni  I  per  oOO  leucocytes^  in  order  to  be  infective 
to  tlie  mosciuito,  and  that  patients  whose  blood  contains  this  number 
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.should  !)('  regarded  as  n^aineto-carriers  and  kept  in  liospital  until,  hy 
the  adniinisl ration  of  (juinine,  the  number  is  reduced  below  this  niini- 
uiuni.  TIic  uuujber  of  <jiuiieUn  present  is  easily  as(!ertained  by  con:- 
parin<i:  (he  iniuibcr  witii  the  number  of  leueocytes  (!()unted  in  a  stained 
smear,  proi)eily  prej)are(l,  and  wiiile  there  may  be  numerous  theo- 
retical objections  to  this  method  of  estimating  the  number  actually 
present,  I  believe  that  the  rule  is  a  safe  one  to  follow  in  prophylactic 
work,  and  that  if  it  were  faithfidly  f(illowed  it  would  result  in  a 
great  reduction  in  the  amount  of  malaria  in  any  locality. 

The  effect  of  (juhune  upon  the  (janwtes. — No  morphological  changes 
have  been  noted  by  myself  in  fully  developed  (/aniefe.s  of  any  of  the 
species  of  malarial  plasmodia  after  the  administration  of  (juinine, 
nnd  the  observations  of  Marchiafava,  Gualdi,  Martirano,  Darling, 
and  others,  have  shown  that  these  forms  are  capable  of  development 
in  the  moscjuito,  even  though  this  drug  has  been  administered  for 
weeks  in  hirge  doses.  Therefore  the  consensus  of  opinion  at  the 
present  time  is  that  after  the  (jametes  of  the  various  species  of 
])lasmodia  are  fully  developed  quinine  has  no  action  upon  them,  so 
far  as  rendering  them  incapable  of  developing  in  the  mosquito. 
This  is  not  true,  however,  in  the  early  intracorpuscular  stages  of  the 
development  of  the  gametes^  for  I  have  observed  marked  changes  in 
their  staining  reactions  after  the  administration  of  quinine  which 
lead  me  to  believe  that  this  drug  is  capable  of  injuring  them  and 
probably  of  entirely  preventing  their  development. 

The  observations  of  Darling^*  and  Thomson ^^  have  shown  that 
the  administration  of  large  doses  of  quinine,  continued  over  a  period 
of  about  three  weeks,  will  result  in  the  reduction  of  the  number  of 
gametes  in  the  peripheral  blood  to  a  noninfectious  minimum,  i.  e., 
to  less  than  1  to  500  leucocytes,  and,  according  to  Thomson,  to  less 
than  1  per  cubic  centimeter.  This  reduction  is  considered  by  Thom- 
son to  be  due  to  the  destruction  of  the  asexual  parasites  from  which 
the  crescents  arise,  but  I  am  of  the  opinion  that  it  is  due  to  the 
destruction  of  the  gametes  themselves,  during  their  early  intra- 
corpuscular stages  of  development,  for  reasons  already  noted. 

7' he  treatment  of  gamete  carriers  in  prophylaxis. — The  importance, 
from  a  prophylactic  standpoint,  of  rendering  gamete  carriers  harm- 
less, is  self-evident,  and  the  researches  of  the  observers  mentioned 
have  shown  us  how  this  may  be  accomplished.  Xo  patient  sullering 
from  malaria  should  be  returned  to  duty  until  a  microscopical  exami- 
nation of  the  blood  shows  that  gametes  are  absent,  or  at  least  are 
present  in  numbers  smaller  than  1  to  every  500  leucocytes.  If  these 
forms  are  present  in  a  larger  number  than  this,  it  is  necessary  to 
continue  quinine  in  large  doses,  and  both  Darling  and  Thomson,  as 
the  result  of  their  very  careful  observations,  state  that  the  drug 
should  be  given  in  doses  of  2  grams  (grs.  xxx)   per  day  for  about 
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three  weeks  before  one  can  expect  to  reduce  the  number  of  gametes 
to  a  safe  margin  in  the  majority  of  cases  they  have  observed.  Of 
course  the  dosage  may  be  reduced  if  the  gametes  are  present  in  small 
numbers,  and  Thomson  recommends  a  daily  dose  of  1.3  grams  (grs. 
XX )  for  the  same  period  of  time  in  such  cases. 

The  same  treatment  should  be  given  the  gamete  carriers  dis- 
covered in  making  a  malarial  survey  and  in  whom  the  infection  is 
latent.  In  the  case  of  troops,  every  soldier,  who  is  not  in  hospital  and 
who  sliows  gametes  in  his  blood,  should  be  placed  there  at  once, 
carefully  screened,  and  treated  with  quinine  in  the  dosage  recom- 
mended until  his  blood  shows  less  than  1  gamete  per  500  leucocytes. 
There  is  no  other  alternative  than  the  thorough  treatment  of  these 
"  carriers  "  in  camps  and  posts  where  anophelines  can  not  be  elimi- 
nated, and  the  only  way  to  treat  them  is  to  confine  them  in  a  screened 
room  and  to  give  quinine  in  large  doses  until  the  blood  examination 
shows  that  it  is  safe  for  them  to  return  to  duty.  If  allowed  at 
liberty,  these  men  furnish  a  constant  source  of  infection  to  the  re- 
mainder of  the  garrison  and  render  other  prophylactic  measures  less 
useful  than  they  otherwise  would  be. 

The  treatment  of  gamete  carriers  must  be  controlled  by  the  fre- 
quent microscopic  examination  of  the  blood,  as  in  no  other  way  can 
we  be  sure  when  the  patient  is  ready  to  be  returned  to  dutj^  Here, 
again,  we  see  the  absolute  necessity  of  every  sanitary  officer  being 
familiar  with  the  use  of  the  microscope  in  the  diagnosis  of  malaria 
and  of  the  morphology  of  the  plasmodia  and  the  methods  of  demon- 
strating them. 

The  treatment  of  initial  and  recurrent  infections  in  projyhyla.ris. — 
In  the  preceding  discussion  of  gamete  carriers  it  has  been  shown  that 
the  gametes  do  not  develop  until  the  infection  has  lasted  for  several 
days;  that  after  they  do  develop,  the  patient  becomes  a  "carrier''  of 
malaria;  and  that  in  order  to  render  him  harmless  he  must  be  put 
upon  sick  report,  confined  in  a  screened  room,  and  given  large  doses 
of  quinine  for  practically  three  weeks.  This  is  absolutely  necessary 
from  a  j)ro})hylac(ic  standpoint,  but  a  still  more  important  pro- 
j^hylactic  measure  is  to  so  treat  malarial  infections  that  the  gam<'tes 
do  not  develop.  Every  gamete  carrier  is  an  evidence  of  either  im- 
proper treatment  or  of  no  treatment,  and  if  of  improper  treatment. 
;m  evidence  of  ignorance  or  carelessness  on  the  part  of  the  attending 
pliysicinii.  In  othei*  words.  {W  proper  treatment  of  the  initial  at- 
lack  of  miliaria  would  lia\'e  prevented  the  formation  of  gam£tes^ 
Mild  there  woidd  have  been  no  "carrier"  of  the  disease.  In  the 
prophylaxis  of  malaria  the  proper  treatment  of  acute  infections  is 
^^^  \ast  importance,  an  importance  that  has  not  been  realized  by 
ihe  profession,  and  it  is  sad.  but  true,  that  a  very  large  proportion 
of  Ihe  malaria   present   in  the  majority  of  localities  isdirectly  due 
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to  the  improper  troatiiicnt  of  inl't'ctions  coining  under  thr  direct 
eare  of  tiie  practitioner.  The  pradice  of  re^ardin<^  a  niahirial  in- 
fection as  cured  because  the  symptoms  have  disappeared  is  respon- 
sible for  most  recurrences  and  for  the  development  of  *'  malaria  cai- 
riers,"  and  it  is  too  often  the  case  that  a  patient  is  allowed  to  resume 
his  work  without  a  blood  examination  having  been  made  or  any 
directions  <Jfiven  regarding  the  continued  use  of  (piinine.  Despite 
the  fact  tiiat  the  malarial  infections  have  occupied  the  attention 
of  the  medical  professicm  since  the  time  of  Hippocrates,  it  is  not 
even  now  impressed  with  the  fact  that  every  such  infection  is  re- 
sistant to  treatment;  that  the  disappearance  of  symptoms  is  no  proof 
that  the  plasmodia  are  destroyed;  and  that  a  continued  course  of 
quinine  is  absolutely  necessary  to  eradicate  even  the  mildest  malarial 
infection. 

The  attitude  in  this  respect  is  very  similar  to  that  which  obtained 
in  regard  to  the  cure  of  syphilis  prior  to  the  use  of  the  Wassermann 
test.  In  both  malaria  and  syphilis  specific  drugs  were  known,  and  if. 
after  the  use  of  these  drugs,  the  symptoms  disappeared,  the  patient 
was  regarded  as  cured.  In  the  case  of  syphilis,  however,  it  was 
recognized  that  even  though  symptoms  disappeared,  from  two  to 
three  years  of  constant  treatment  was  necessary  before  this  supposed 
cure  was  really  accomplished;  but  in  the  case  of  malaria  a  large 
proportion  of  the  profession  appear  to  believe  that  a  few  doses  of 
quinine,  if  followed  by  the  disappearance  of  acute  symptoms,  signi- 
fies the  cure  of  the  infection.  As  a  matter  of  fact,  quinine  in  the 
treatment  of  malaria  is  like  mercury  in  the  treatment  of  syphilis,  in 
that  its  use  must  be  persisted  in  for  a  considerable  time  after  the 
symptoms  of  infection  have  been  conquered  if  one  desires  to  really 
cure  the  infection.  When  this  fact  is  actually  realized  and  acted 
upon  by  the  medical  profession  we  will  witness  a  great  reduction  of 
malaria,  because  the  "carriers"  of  the  disease  will  be  prevented. 
The  time  to  begin  mdlanal  prophylaxis  is  with  the  tre<(tmcnt  of  even/ 
aeute  infection^  and  if  this  is  well  done  one  has  performed  one  of 
the  most  important  duties,  from  a  prophylactic  standpoint,  that  falls 
to  the  lot  of  the  physician.  In  civil  life  it  may  often  be  impossible 
to  thoroughly  treat  malarial  infections,  but  in  the  military  service. 
owing  to  the  absolute  control  the  authorities  have  over  the  personel, 
the  proper  treatment  of  malaria  is  possible  and  there  can  hardly  be 
any  excuse  for  its  neglect. 

The  first  requisite  to  the  proper  treatment  of  malarial  infection  is 
a  correct  diagnosis,  and,  in  the  military  service,  this  should  always  be 
made  by  the  aid  of  the  microscope.  This  nmy  be  impossible  in  the 
field  and  the  i)atient  may  have  to  be  placed  at  once  upon  quinine. 
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but  in  camps  and  posts  the  microscope  should  be  depended  upon  in 
the  diagnosis  of  malarial  fevers.  In  this  way  the  exact  species 
of  Plasmodium  is  ascertained  and  there  can  be  no  doubt  of  the  cor- 
rectness of  the  diagnosis. 

Not  only  should  the  diagnosis  of  malarial  infection  be  made  by 
blood  examinations,  but  the  treatment  of  the  disease  should  always 
be  controlled  by  frequent  microscopic  examinations  of  the  blood, 
and  no  patient  should  be  allowed  to  leave  the  hospital  until  his  blood 
is  free  from  parasites,  except  where  a  military  emergency  exists 
justifying  such  action.  If  this  rule  be  followed  the  danger  from 
"carriers"  of  the  infection  will  be  very  greatly  reduced  and  the 
surgeon  can  not  be  charged  with  helping  along  malarial  disease  by 
discharging  "  carriers "  from  the  hospital,  while  gametes  are  still 
in  the  peripheral  blood.  If  only  the  forms  concerned  in  the  human 
life  cycle  of  the  plasmodia  are  present  in  the  blood,  it  will  be  found 
that  they  will  disappear  within  a  few  days  after  beginning  quinine, 
and  then  the  patient  may  be  returned  to  duty  with  directions  regard- 
in  further  treatment;  but  if  gametes  are  present  it  will  mean  from 
two  to  three  weeks  of  treatment  with  the  dosage  of  quinine  already 
recommended  before  they  will  be  reduced  to  a  noninfectious  mini- 
mum, and  the  patient  can  be  safely  returned  to  duty. 

The  treatment  of  initial  and  recurrent  attacks  of  malarial  fever 
varies  with  the  species  of  plasmodium  present,  the  tertian  and  quar- 
tan infections  requiring  less  quinine  to  cure  them  than  the  estivo- 
autumnal  infections.  It  is  not  my  intention  to  discuss  the  treatment 
of  malaria  here  further  than  to  call  attention  to  the  method  I  have 
found  effective  in  the  usual  acute  and  recurrent  infections  observed 
in  hospital,  the  reader  being  referred  to  the  many  excellent  works 
upon  this  subject  for  information  regarding  the  treatment  of  per- 
nicious infections.  The  object  of  all  treatment  is  to  rid  the  blood 
of  Plasmodia  as  quickly  as  possible  and  to  cure  the  disease,  and  I 
am  no  believer  in  routine  methods  in  the  treatment  of  infections  var}'- 
ing  so  much  in  severity  as  do  the  malarial  fevers.  It  should  be  dis- 
tinctly understood  that  the  methods  that  follow  are  merely  those  that 
I  have  found  most  useful  in  the  vast  majority  of  infections  that  I 
have  had  under  personal  observation  and  are  inserted  merely  for  the 
pur])ose  of  demonstrating  the  absolute  necessity  of  continued  treat- 
ment \vi(h  quinine  and  of  suggesting  the  way  in  which  the  drug  may 
be  emph)yed  to  secure  the  end  aimed  at.  i.  e.,  the  cure  of  the  infection 
and  the  i)revention  of  ''  gamete  carriers." 

Tertian  and  quartan  miliaria. — In  these  infections,  during  the  acute 
syujptoms,  (]uinine  should  be  given  in  doses  of  at  least  0.32  gm.  (gr. 
v)  every  four  houis  until  from  one  to  two  grams  are  given  in  the  24 
lioujs  (gi-.  XV  to  xxx).  accoiding  to  the  severity  of  the  symptoms,  and 
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this  dosage  continiKMl  until  tlic  syinptoiiis  liaxc  <li>appcaic(l  ami  plas- 
rnodiji  can  no  l()n<r(M-  be  (Ictcctfd  in  the  peripheral  hh)0(i.  'l'liereaft/»r 
tlie  dni<r  should  be  continued  for  at  lea.^e  three  months,  the  (losii<fe 
heint;  <;i'adually  reduced  during  the  first  two  weeks  of  convalescence 
until  the  patient  takes  0.40  gm.  (gr.  vi)  per  day  at  the  end  of  the 
second  week,  and  this  dose  should  be  continued  for  at  least  two  weeks 
longer,  and  the  same  dose  given  twice  a  week  until  three  months  have 
elapsed  from  the  date  of  attack.  In  regions  where  reinfection  is 
probable,  the  prophylactic  dose  of  0.40  gm.  (gr.  vi)  daily,  should  be 
adopted  at  the  end  of  two  weeks  after  the  plasmodia  have  disappeared 
and  kept  np  as  long  as  required. 

.^stivo -autumnal  malaria. — In  aestivo-autumnal  malaria  the  dosage 
of  quinine  must  be  somewhat  increased,  as  these  infections  are  more 
resistant  to  treatment  than  tertian  and  cjuartan  infections.  In  most 
cases  a  dose  of  0.8*2  gm.  (gr.  v)  administered  every  four  hours  will 
result  in  the  disappearance  of  the  symptoms  within  three  or  four 
days,  but  not  infrecjuently  cases  will  be  observed  that  require  larger 
doses.  After  the  symptoms  have  disappeared  1  gram  (gr.  xv)  should 
be  taken  daily  for  two  weeks,  and  for  two  weeks  thereafter  0.65  gm. 
(gr.  x)  should  be  the  daily  dose.  At  the  end  of  this  period  0.32  gm. 
(gr.  vi)  should  be  taken  daily  for  at  least  two  months,  and  as  long 
as  required  if  (piinine  prophylaxis  is  necessary. 

Patients  should  only  be  returned  to  duty  when  the  peripheral 
blood  is  free  from  plasmodia,  or,  if  gametes  are  present,  when  they  do 
not  number  more  than  1  to  every  500  leucocytes.  Before  leaving  hos- 
pital a  malaria  register  should  be  prepared  for  each  patient,  giving 
the  type  of  infection,  the  amount  of  quinine  administered,  and  other 
data  that  may  be  useful  or  necessary,  and  upon  this  register  should 
be  entered  further  treatment  after  return  to  duty.  Patients  should 
not  be  allowed  to  take  quinine  away  with  them  for  self-administra- 
tion, but  should  be  instructed  to  report  to  the  hospital  at  the  proper 
time  and  the  administration  of  the  drug  personally  attended  to  by 
the  medical  officer  in  charge  of  this  Avork.  In  case  of  transfer  to 
another  organization,  the  "malaria  register"  should  be  sent  to  the 
surgeon  of  that  organization  and  the  treatment  continued  at  the 
man's  new  station.  In  this  way  every  malarial  patient  treated  in 
the  Army  can  be  followed  and  a  really  scientific  prophylaxis  of  the 
disease,  so  far  as  he  is  individually  concerned,  be  rendered  possible. 

The  results  of  f/uinlne  prophyla^rls. — In  concluding  this  chapter 
it  may  be  of  interest  to  give  a  very  few  illustrations  of  the  efficacy 
of  the  quinine  proi)hylaxis  of  malaria  where  other  methods  have 
failed  or  have  been  only  partially  successful.  Without  (|uestion  the 
most  notable  instance  of  quinine  prophylaxis  is  that  which  has  been 
in  operation  in  Italy  since  1905  under  the  auspices  of  the  Society  for 
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the  Study  of  Malaria  in  Italy,  led  by  Celli.  In  that  coimtiy  quinine 
is  sold  by  the  State  to  those  able  to  purchase  and  distributed  free 
to  those  unable,  and  Celli  claims  that  since  the  gratuitous  distribu- 
tion of  quinine  by  the  Government  the  mortality  from  malaria  in 
Italy  has  diminished  over  T5  per  cent  and  the  morbidity  in  propor- 
tion. AVhile  other  methods  of  prophylaxis,  as  screening  and  drain- 
age, ha^'e  been  used,  Celli  regards  the  prophylactic  use  of  quinine 
as  altogether  the  most .  efficient,  and  believes  that  it  is  the  only 
method  that  can  be  relied  upon  in  Italy  to  control  malaria.  In  view 
of  the  great  importance  of  his  Avork  I  shall  give  a  brief  resume  of 
the  results  obtained  and  his  commentaries  upon  them. 

In  the  following  table  Celli  ^^  gives  the  results  of  quinine  prophy- 
laxis in  the  army,  in  which  the  morbidity  has  been  reduced  from 
27.4  per  cent  to  about  5  per  cent  by  the  use  of  this  method : 

Table  A'IIT. — Malaria  in  the  Army. 


Year. 


1902 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
1911 


Number 
of  men. 


199, 253 
206, 468 
210,637 
218, 409 
211,245 
202,320 
216, 679 
228,951 
234, 104 
233,517 


Number 

of  cases 

(percent). 


27.44 

24.14 

19.21 

21.52 

18.99 

12.46 

8.04 

6.96 

5.10 

4.90 


Relapses. 


21.  41 

17.85 

12.71 

13.04 

12. 67 

7.96 

5.19 

4.72 

3.23 

3.04 


Initial 
attacks. 


6.03 
6.28 
6.50 
8.48 
6.32 
4.50 
2.85 
2.24 
1.87 
1.86 


Remarks. 


No  quinine. 
Quinine  begun. 


Quinine. 
Do. 
vo. 
Do. 
Do. 
Do. 


From  this  table  it  will  be  noted  that  there  has  been  a  steady  reduc- 
tion in  the  number  of  initial  attacks  and  the  number  of  recurrent 
cases  of  malaria  in  the  Italian  army  ever  since  the  adoption  of  pro- 
phylactic quinine,  in  1903,  until  at  the  end  of  1911  the  ]5ercentage 
of  cases  of  malaria  in  the  entire  army  was  only  4.9  per  cent,  and  this 
des])ite  the  fact  that  the  troops  were  often  stationed  in  the  most 
niMlni'ious  ])arts  of  the  country. 

Celli  •''  gives  the  results  of  quinine  prophylaxis  in  the  i^enal  colony 
of  Castiades  in  the  following  table: 


T.VBLK  IX. — Malaria  in  tJic  penal  colonn  of  Castiades,  Sarditiia. 


Year. 

r(>l)iila- 
tion. 

1904 

748 

\9W, 

S6l 

VM\ 

S07 

HK)7 

795 

190S 

700 

1909 

691 

1910 

655 

1911 

540 

(Quinine 

N'um- 

u.sed,  in 

ber  of 

I'or  cent. 

kilograms. 

cases. 

None. 

694 

92 

13. 674 

731 

84 

15.0.-0 

3»K) 

48 

40. 230 

132 

16 

35.  4(K) 

07 

13 

32,  (HX) 

64 

9 

15. 2S0 

139 

19 

25,3()0 

37 

6 

Remarks. 


No  quinine. 

Little  quinino. 

Quinine. 

Duilv  quinino  (lisiribufp<l. 

tie. 

Do. 
Only  rural ive  (niiiiinp. 
ProjihyhuMic  quinine. 
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In  regard  to  this  really  reniarkahlc  rc(luciion  in  the  niiiiilM'i-  of 
cas(*s  of  malaria  anion^  the  prisoners  in  this  institution  from  'J-2 
per  cent  to  G  per  cent,  Celli  says : 

It  was  the  i)roi)Lylac'ti(.'  .Kluiiiiislral  ion  of  <iiiiiiiiie  alone  that.  pHMhiccMl  the 
miracle  of  diininisliin^  malaria  to  S  or  'J  ikm-  (•♦■nt. 

In  the  whole  of  Italy  the  mortality  from  malaria  has  decreased 
from  21,000  deaths  in  1887  to  ahout  ;i,000  in  1908,  quinine  pro- 
phylaxis having  been  established  about  1905,  and  Cclli  says: 

Beyond  douht  the  greatest  and  most  persistent  decrease  of  mortality  from 
malaria  in  Italy  was  due  to  the  increased  consnmption  of  quinine. 

In  view  of  these  results  it  is  useless  for  the  opponents  of  quinine 
prophylaxis  to  claim  that  it  is  of  little  value  in  the  prevention  of 
malarial  infections,  for  they  absolutely  demonstrate  that  the  method, 
if  faithfully  followed,  is  of  the  very  greatest  service,  and  similar 
results  have  been  obtained  by  other  observers. 

In  the  Dutch  Indies,  Bisdom^'^  has  reduced  the  percentage  of 
Europeans  infected  from  80  to  20  per  cent,  and  the  percentage  of 
infections  in  natives  from  71  to  less  than  17  per  cent,  by  the  use  of 
quinine  in  prophylaxis  and  treatment,  and  states  that  the  use  of  this 
drug  has  been  the  most  important  factor  in  diminishing  the  inci- 
dence of  malaria  in  the  Xetherhxnd  Indies.  In  Corsica,^^  Leger  has 
found  quinine  prophylaxis  very  effective,  the  blood  index  among  the 
inhabitants  of  Casablanca,  for  example,  falling  from  42,85  per  cent 
to  7.14  per  cent  after  the  exhibition  of  0.20  gram  of  quinine  daily, 
and  the  Sergents  ^^  have  reported  excellent  results  in  Algeria. 

The  impression  that  quinine  prophylaxis  must  extend  throughout 
the  year  in  malarial  regions  is  erroneous,  for  in  almost  every  locality 
there  is  a  malarial  season,  and  it  is  only  just  prior  to  and  during  this 
period  of  seasonal  prevalence  that  it  is  necessary  to  use  the  drug  in 
this  manner.  Prophylaxis  with  quinine  should  be  begun  about  a 
month  before  the  malarial  season  begins  and  continued  for  about 
the  same  time  after  it  ends.  In  some  localities,  of  course,  the  drug 
will  have  to  be  given  the  greater  part  of  the  year,  but  in  most  places 
it  will  be  found  that  it  can  be  omitted  for  weeks,  or  even  months, 
Avith  advantage. 

In  conclusion,  it  may  be  stated  that  in  quinine  prophylaxis  we 
possess  a  most  valuable  method  of  preventing  malarial  infections, 
and  one  that  can  be  easily  applied  in  the  military  service,  but  it 
should  not  be  used  to  the  exclusion  of  the  more  permanent  methods 
depending  upon  the  destruction  of  the  mosquito,where  such  methods 
can  be  instituted.  Although,  as  Celli  says,'*'-  **  those  who  take 
quinine  daily,  having  a  certain  quantity  of  it  in  the  circulating 
blood,  can  fearlessly  subject  themselves  to  the  inoculation  of  blood 
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loaded  with  hsemosporidia,  and.  with  much  less  danger,  to  the  biting 
of  infected  anopheles,-*  the  method  requires  the  most  careful  super- 
^■ision.  is  more  or  less  disagreeable  to  the  individual,  and  is  less  per- 
manent than  the  abolition  of  breeding  places  of  the  insects  transmit- 
ting the  disease.  In  the  military  service  its  greatest  use  will  be 
found  in  the  j^rotection  of  troops  in  active  operations  in  the  field 
in  malarial  regions,  and  as  an  aid  in  the  prophylaxis  of  the  disease 
in  cnmps  and  posts  in  conjunction  with  the  other  prophylactic 
measures  described. 


ClIAPTKK   VI. 

THE  APPLICATION  OF  THE  METHODS  OF  MALARIA  PROPHYLAXIS 

TO  THE  MILITARY  SERVICE. 

In  the  following  chapter  a  brief  summary  will  be  given  of  the 
methods  of  malaria  prophylaxis  which  have  been  discussed  and  the 
inanner  in  which  they  may  be  utilized  in  the  prevention  of  the  dis- 
ease in  the  military  service.  The  fact  that  troops  are  under  strict 
discipline  makes  it  possible  to  more  thoroughly  apply  prophylactic 
measures  in  the  Army  than  is  often  the  case  in  civil  life,  and  for  this 
reason  better  residts  may  be  expected  when  such  measures  are  faith- 
fully and  intelligently  carried  out.  The  great  reduction  in  malaria 
in  the  Army  already  noted  is  proof  of  this  statement,  and  there  is 
no  reason  why  these  infections  should  not  be  still  further  reduced, 
and  eventually  disappear  in  our  permanent  posts  if  prophylactic 
measures  are  continued. 

As  has  already  been  stated,  the  prophylaxis  of  malaria  requires 
very  different  methods  in  the  field  than  in  semipermanent  camps  and 
l)ermanent  posts,  and  in  all  situations  the  methods  employed  will 
vary  according  to  local  conditions  and  military  exigencies.  This 
fact  must  be  recognized  by  every  practical  sanitarian,  and  in  the 
following  discussion  regarding  the  application  of  malaria  prophy- 
laxis to  the  military  service  it  should  be  remembered  that  the  sug- 
gestions offered  are  merely  suggestions,  wiiich  may  or  may  not  be 
practical  in  actual  service  owing  to  the  peculiar  conditions  surround- 
ing each  prophylactic  problem. 

Malaria  prophylaxis  in  the  -field. — The  necessity  for  malaria  pro- 
phylaxis in  the  field  during  the  active  operations  of  an  army  should 
have  been  ascertained  before  the  invasion  of  the  country  with  which 
hostilities  are  being  conducted.  This  presupposes  the  accurate  map- 
ping of  the  country  from  a  sanitary  standpoint,  a  hitherto  nnich 
neglected  branch  of  military  information.  In  the  past  an  accurate 
knowledge  of  malarial  localities  would  have  saved  many  armies  an 
enormous  loss  from  this  cause,  as  campaigns  could  have  been  planned 
so  as  to  avoid  exposing  troops  to  these  infections,  and  the  most  ex- 
haustive knowledge  of  terrain  is  of  little  use  if  troops  are  so  deci- 
mated by  malarial  infection  as  to  be  unable  to  take  advantage  of  such 
laiowledge.  An  accurate  sanitary  map  showing  the  prevalence  of 
disease  in  the  country  to  be  invaded  would  be  of  great  value  in  the 
planning  of  any  campaign,  as  in  the  majority  of  instances  it  would 
be  found  that  badly  infected  districts  could  be  avoided  without  dam- 

107 


108  PROPHYLAXIS    OF    MALARIA. 

age  to  the  campaign  from  the  military  point  of  vieAV,  or  prophylactic 
measures  could  be  instituted  in  time  and  preA^ent  the  infection  of  the 
Army. 

In  acti\'e  operations  in  the  field  we  must  depend  for  the  preven- 
tion of  malaria  upon  the  prophylactic  use  of  quinine  and  the  use 
of  the  mosquito  net.  Quinine  sulphate  should  be  given  in  daily 
doses  of  not  less  than  40  centigrams  (gr.  vi),  preferably  adminis- 
tered in  20  centigram  doses  morning  and  evening.  In  many  and 
perhaps  the  majority  of  instances  it  may  be  found  that  the  entire 
dose  must  be  given  at  one  time,  and  if  so  it  is  best  to  give  it  in  the 
tvening.  The  men  should  be  assembled  at  a  convenient  time  and 
the  quinine  administered  by  a  medical  officer,  care  being  taken  to  see 
tliat  each  soldier  swallows  his  dose.  The  quinine  may  be  most  con- 
veniently carried  and  dispensed  in  tablet  form,  but  the  utmost  care 
should  be  taken  to  see  that  the  tablets  are  readily  soluble. 

If  acute  attacks  of  malaria  develop  in  the  command  it  will  be 
found  best  to  send  the  men  disabled  to  the  nearest  field  hospital, 
Avhere  the  type  of  infection  can  be  ascertained  and  properly  treated, 
or,  if  necessary,  the  patient  may  be  sent  to  the  base  hospital  for 
treatment.  After  the  plasmodia  have  disappeared  from  tlie  blood 
the  men  may  be  returned  to  duty,  but  not  before.  Nothing  will  be 
gained  by  keeping  men  suffering  from  acute  attacks  of  malarial 
fever  with  an  advancing  column,  as  they  will  only  encumber  it  and 
may  prove  a  source  of  infection  to  their  companions. 

In  all  regions  in  which  mosquitoes  occur  the  Vedder  mosquito  net 
should  be  used  in  the  shelter  and  other  tents,  and  inspections  should 
be  made  by  medical  officers  in  order  to  see  that  the  net  is  being  prop- 
erly used.  Guards  should  wear  head  nets  and  gloves,  and  botli  the 
mosquito  nets  and  head  nets  should  be  inspected  frequenth^  for  tears 
or  holes  and  promptly  repaired. 

It  is  believed  that  with  an  efficient  enforcement  of  the  use  of  nets 
and  of  jn-opliylactic  quinine  an  army  will  be  able  to  campaign  in  the 
most  badly  infected  mahirial  districts  without  suH'ering  very  greatly 
from  the  infection.  These  methods  will  not  prevent  all  infection,  but 
may  certainly  be  trusted  to  prevent  the  vast  number  of  infections 
which  would  otherwise  occur,  and  which,  in  times  past,  have  ren- 
dered entire  armies  useless  as  fighting  machines.  If  such  methods 
had  been  efficiently  carried  out  at  Santiago  it  is  safe  to  say  that 
malaria  would  not  have  placed  our  Army  in  such  a  position  that 
reti'eat  was  actually  considered. 

Mdhirid  proi)hi/hi.v.'is  In  fiemi permanent  camps. — The  first  and 
best  stej)  in  the  pre\ention  of  malaria  in  camps  of  short  duration  is 
the  selection  of  a  region  free  from  malaria  as  the  camp  site.  Here 
again  the  value  of  a  map  showing  such  regions  is  evident,  but  in  its 
absence,  and,  if  time  and  military  contingencies  permit,  much  may  be 
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learned  in  si  short  time  l)V  observations  of  the  kind  of  inosfjiiitoes 
present,  the  location  of  thcii-  breed in<r  phices,  and  an  examination  of 
the  l)lood  of  from  20  to  40  chihlren  and  adults  in  the  region  being 
investiiTJiU'd.  This  entire  study  of  a  location  need  not  consume  more 
than  a  few  hours  and  will  <renerally  result  in  definite  knowledge 
regarding  the  prevalence  of  malarial  infection.  If,  despite  the  pres- 
ence of  infection,  tlie  locality  must  be  selected  for  a  camp  site,  the 
measures  pursued  will  vary,  of  course,  with  the  length  of  time  the 
camp  is  to  be  occupied  and  the  facilities  afforded  for  their  execution. 

If  the  camp  is  to  be  occupied  for  only  a  few  days,  the  prophylactic 
use  of  (piinine,  the  use  of  the  mosquito  net,  and  the  clearing  of  an 
area  from  100  to  i!00  yards  around  the  cam})  of  long  grass  and  under- 
brush will  be  about  all  that  can  be  done  in  the  way  of  prevention. 

In  the  case  of  camps  tluit  will  probably  last  for  several  months  and 
are,  therefore,  of  semipermanent  character,  the  same  ])recautions 
-hould  be  taken  regarding  the  selection  of  a  site  as  recommended  for 
permanent  posts,  and  similar  prophylactic  measures  should  l)e  em- 
ployed if  malarial  infection  appears. 

Malaria  fro phylaxis  in  pevTnanent  posts. — Before  establishing  a 
permanent  military  post  in  the  tropics  or  in  regions  in  which  the 
presence  of  malarial  infection  is  suspected,  a  malaria  survey  of  the 
locality  is  of  the  greatest  importance,  and,  in  most  instances  can  be 
made  without  interfering  with  military  movements.  If  such  sur- 
veys  had  been  made  before  certain  ])osts  were  established  in  the 
Philippines,  it  is  probable  that  other  localities  would  have  been  se- 
lected with  a  resultant  saving  in  money  and  efficiency.  Certainly 
there  can  be  no  excuse  for  establishing  a  military  post  in  a  very 
malarious  region  when  a  malaria  survey  would  have  shown  that 
adjacent  regions  w^ere  free  from  the  infection  and  when  there  was  no 
military  necessity  for  occupying  exactly  the  locality  chosen. 

The  following  points  should  be  considered  in  estimating  the  safety 
of  a  locality  as  regards  malaria  when  the  question  of  choosing  it  for 
the  site  of  a  post  is  considered:  The  statistics  regarding  fevers  in 
the  locality,  if  there  are  any,  should  be  studied;  the  character  of  the 
soil  and  the  nature  of  the  terrain ;  the  species  of  moscjuitoes  present ; 
the  breeding  j)laces  of  mos(|uitoes  and  the  kind  of  larva^  l)resent :  the 
])resence  and  number  of  infected  mosquitoes:  and  the  number  of 
latent  infections  in  children  and  adults.  A  map  of  the  locality  should 
be  obtained,  or  prepared,  and  the  entire  region  districted,  after  which 
a  careful  investigation  regarding  the  points  mentioned  should  be 
made  of  each  district  by  a  trained  medical  officer.  I'pon  the  uuip 
shovdd  be  marked  the  location  of  breeding  places  of  mosquitoes,  the 
species  found  in  each  breedery,  and  whether  any  of  the  insects 
examined  were  found  infected  with  plasmodia.  In  additi(M\  the 
dwellings  of  individuals  found   infected   with  malaria   during  the 
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blood  examinations  of  the  inhabitants  should  be  indicated  on  the 
map,  thus  showing  the  relation  of  breeding  places  to  such  infections. 
The  map  should  also  show  the  ratio  of  infected  indi^^iduals  and 
mosquitoes  and  the  most  severely  infected  districts.  The  work  of  a 
few  days  in  the  examination  of  the  blood  of  the  inhabitants,  the  dis- 
section and  examination  of  mosquitoes,  and  the  location  of  breeding 
places  of  anophelines  will  result  in  a  most  valuable  mass  of  data, 
enabling  one  to  judge  of  the  advisability  of  locating  a  post  in  the 
region  investigated,  and  what  methods  would  be  best  adapted  to 
ridding  the  region  of  malarial  infection.  Such  a  malaria  survey  is 
just  as  important  to  the  future  health  of  the  command  as  the  ques- 
tion of  an  adequate  and  pure  water  supply. 

In  posts  that  are  known  to  be  malarial  the  prophylactic  methods 
adopted  must  vary  with  local  conditions,  and  the  best  way  to  become 
acquainted  with  these  conditions  is  to  make  a  malaria  survey,  just 
as  one  would  in  deciding  upon  the  location  of  a  site  for  a  permanent 
post.  The  post  should  be  districted  upon  a  map  and  a  most  careful 
search  made  for  the  breeding  places  of  mosquitoes,  while,  coinci- 
dently,  the  species  of  mosquitoes  present  should  be  ascertained  and 
the  ratio  of  infected  insects.  An  examination  of  the  blood  of  at 
least  40  adults  and  children  living  in  the  immediate  vicinity  of  the 
post  should  be  made,  as  well  as  of  the  same  number  of  soldiers  in  the 
post,  in  order  to  ascertain  the  presence  of  latent  infection,  and  the 
records  of  the  post  should  be  consulted  as  to  the  prevalence  of 
malaria  during  the  past.  As  soon  as  this  preliminary  survey  is 
completed  one  will  have  data  upon  which  to  work  out  the  best 
method  or  methods  of  prophylaxis  for  the  particular  locality  investi- 
gated. While  in  rare  instances  it  will  be  found  that  mosquitoes 
can  be  exterminated  and  that  this  is  the  only  prophylactic  measure 
that  need  be  adopted,  in  the  vast  majority  of  posts  the  malarial  prob- 
lem is  best  attacked  by  using  all  the  methods  at  our  command. 
These  consist  in  the  abolition  of  the  breeding  places  of  mosquitoes 
and  their  destruction  in  the  adult  stage  by  trapping  and  catching 
l)y  hand,  the  ])r()tection  of  the  command  from  their  bites  by  screen- 
ing and  the  use  of  nets,  and  the  destruction  of  the  plasmodia  by 
(|uinine.  Tlio  hitter  method  may  be  omitted,  so  far  as  the  healthy 
popuhition  is  ccmcerned,  i)r()vided  malarial  infection  is  not  very 
intense  and  the  otlier  methods  mentioned  will  control  the  situation. 
but  in  badly  infected  ])osts,  where  it  is  impossible  to  get  rid  of  mos- 
quitoes, (juinine  ]>rophylaxis  should  be  adopted  during  the  malarial 
season. 

Every  eiVort  should  be  made  to  rid  the  post  and  the  surrounding 
country  for  a  distance  of  at  least  2  miles  of  breeding  places  of 
anophelines.  Very  often  the  most  that  can  be  done  is  to  reduce  their 
number,  owing  to  the  immense  cost  of  drainage  and  fillins:  in?  but  as 
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much  should  l)0  done  as  possible,  liowever  jrloomy  the  outlook.  1 1 
riios:|uit()es  are  very  numerous  tliey  can  be  greatly  reduced  by  mos- 
(juito  traps  and  by  detailinf^  men  for  the  purpose  of  catching  thi 
insects  by  hand,  as  is  done  in  the  Canal  Zone,  where  this  method 
lias  met  with  really  remarkable  success. 

It  is  uimecessary  to  state  that  every  post  in  which  anophelines  can 
not  be  eradicated  .md  where  malaria  prevails  should  be  thoroughly 
screened,  and  yet  the  cost  of  this  procedure  has  prohibited  its  adop- 
lion  in  some  of  the  most  malarious  posts  occupied  by  the  Army, 
until  <juiie  recently.  The  economy  which  for-ed  the  omis:sion  of  this 
very  important  prophylactic  measure  was  in  reality  an  extravagance, 
for  the  h)SvS  of  time  and  money  occasioned  by  the  malarial  infections 
in  the  troops  was  much  more  costly  in  the  end  than  the  amount  in- 
volved in  the  purchase  of  proper  screening  material.  Barracks, 
quarters,  and  other  buildings  should  be  screened  with  the  best  copper 
netting  of  not  less  than  IG  meshes  to  the  linear  inch,  and,  where  the 
yellow-fever  mosquito  is  present,  of  18  meshes  to  the  linear  inch. 

The  use  of  the  mosquito  net  for  the  bunk  should  be  rigidly  en- 
forced unless  quarters  and  barracks  are  screened,  and  a  nightly  in- 
spection should  be  made  to  see  that  the  men  are  using  the  nets 
properly.  The  head  net  and  gloves  should  be  worn  by  soldiers  on 
duty  in  the  late  afternoon  and  during  the  night  in  all  posts  where 
malaria  is  prevalent  to  any  extent. 

All  shelter  for  mosquitoes  in  the  post  and  for  a  distance  of  300 
yards  outside  the  post  limits  should  be  reduced  to  the  minimum,  and 
the  utmost  care  should  be  taken  that  no  small  breeding  places,  such 
as  are  furnished  by  unused  hoppers,  rain  barrels,  tin  cans,  and  small 
pools  due  to  improper  drainage,  exist  in  the  post. 

The  prophylactic  use  of  quinine  should  be  enforced  if  malaria  is 
prevalent  enough  to  warrant  it,  and  daily  doses  of  0.40  centigrams 
(gi\  vi)  should  be  administered  under  the  personal  observation  of  a 
medical  officer.  In  most  posts  in  which  malaria  occurs  this  w.ill  not 
be  found  essential  in  the  control  of  malaria,  if  '^carrier's''''  he  dis- 
covered and  treated  and  all  acute  and  recurrent  ca^es  of  malaria  he 
kept  in  hospital  until  the  plasmodia  disappear  from  the  hlood  under 
quinine  and  if  treatment  he  continued  in  the  manner  already  de- 
scrihed.  In  the  Tropics,  however,  where  the  soldiery  is  continually 
coming  in  contact  with  a  badly  infected  native  population,  the  use  of 
(|uinine  prophylaxis  should  be  insisted  upon  during  the  malarial 
season. 

If  natives  in  whom  there  is  a  large  percentage  of  latent  infection 
and  many  "carriers"  live  around  the  post,  it  would  be  an  economical 
measure  for  the  Government  to  issue  them  free  quinine,  to  be  dis- 
tributed and  administered  by  a  medical  officer.  In  many  instances 
this  measure  alone  would  practically  eliminate  nuilaria  from  among 


112  PROPHYLAXIS    OF   MALARIA. 

the  troops,  because  it  would  remove  the  greatest  source  of  infection 
of  mosquitoes  and,  indirectly,  of  the  command. 

The  discovery  and  treatment  of  latent  malarial  infections  and  of 
"  carriers  "  in  the  command  is  a  most  important  prophylactic  duty, 
which  should  never  be  neglected  in  posts  where  the  disease  is  preva- 
lent. This  involves,  of  course,  the  microscopical  examination  of  the 
blood  of  all  members  of  the  command,  and,  in  badly  infected  regions, 
this'  examination  may  have  to  be  repeated  at  monthly  intervals, 
although  the  prophylactic  use  of  quinine  should  render  this  unneces- 
sary after  the  first  examination  has  been  made.  In  a  large  command 
such  an  examination  may  be  impracticable,  but  in  smaller  posts  the 
measure  is  practical  and,  although  it  involves  a  great  deal  of  work, 
should  be  followed  out  where  malaria  is  really  a  serious  problem. 

Every  patient  admitted  to  hospital  for  malaria  should  have  the 
diagnosis  confirmed  by  the  microscope,  if  possible,  and  treatment 
should  be  controlled  by  a  daily  examination  of  the  blood.  Xo  i^atient 
should  be  discharged  from  the  hospital  untilthe  peripheral  blood 
is  free  from  plasmodia  except  in  the  case  of  ga^mete  carriers,  who 
may  be  returned  to  duty  when  the  gametes  are  reduced  to  less  than 
1  to  500  leucocytes. 

A  "  malaria  register  "  should  be  prepared  for  every  patient,  upon 
which  should  be  entered  the  type  of  infection,  the  treatment  given  in 
hospital  and  ordered  after  leaving  the  hospital,  the  date  when  the 
Plasmodia  disappeared  from  the  blood,  the  date  of  return  to  duty, 
and  any  other  information  that  may  be  thought  desirable.  AMien 
transferred  to  another  command,  the  malaria  register  should  be  sent 
to  the  surgeon  of  the  post,  who  can  then  continue  the  treatment. 

Every  patient  returned  to  duty  should  be  directed  to  report  at  a 
ceitain  time  for  (juinine  in  continuance  of  the  treatment,  and  the  qui- 
nine should  be  administered  under  the  personal  supervision  of  a 
medical  officer,  if  possible.  The  time  of  reporting  can  be  so  arranged 
as  to  be  convenient  for  all  concerned,  and  each  dose  administered 
sliould  be  entered  upon  the  man's  '*  malaria  register." 

AVhen  soldiers  suffering  from  latent  malarial  infections  are  dis- 
covered they  should  be  placed  in  hospital  and  a  most  careful  exami- 
nation be  made  rehitive  to  the  presence  of  gametes  in  their  blood. 
If  gametes  are  not  present,  they  should  be  returned  to  duty  as  soon 
as  the  blood  is  free  from  plasmodia,  with  directions  to  report  for  fur- 
(h(M-  ticntincnt  :  but  if  gametes  are  present,  the  ])atients  should  be 
treated  in  hospital  until  the  gametes  are  reduced  to  less  than  1  per 
500  leucocytes.  The  method  of  treating  these  cases  has  already  been 
discussed  in  Chapter  V.  A  '^malaria  register''  should  be  j^-epared 
for  tliese  cases  and  used  in  the  same  manner  as  for  acute  and  recur- 
rent infections,  but  the  fact  that  the  case  is  a  latent  one  should  be 
entered  upon  the  register. 
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'J'lu'  suggestions  <;i\('ii  aboxc  for  {\\v  prophylaxis  of  malaria  in 
the  field,  in  temporary  camps,  and  in  permanent  posts,  do  not  cover 
all  (hat  may  be  done  alon^  this  line,  hut  may  serve  as  a  guirle  in  the 
prevention  of  these  infections  in  the  military  service.  The  aim  of 
the  medical  oflicer  should  he  to  do  all  in  his  power  to  prevent  the 
transmission  of  these  infections,  but  the  methods  to  l>e  adopted  will 
vary,  of  course,  with  special  conditions,  and  it  will  often  be  possible 
to  control  the  disease  without  resorting  to  all  of  the  methods  that 
have  been  described.  However  little  he  may  be  able  to  do  in  the 
way  of  eradicating  mos(|uitoes,  he  has  absolute  control  over  patients 
in  hospital,  and  can  see  that  no  man  who  has  been  in  the  hospital  for 
malaria  is  returned  to  duty  until  he  has  ceased  to  be  a  source  of 
danger  to  his  companions.  He  can  also  insist  upon  the  continuance 
of  (juinine  until  there  is  a  reasonable  surety  that  the  infection  is 
cured,  and  thus  prevent  the  recurrences  which  furnish  the  majority 
of  malarial  cases  in  any  hospital. 

In  conclusion,  it  may  be  stated  that  the  malarial  fevers  are  en- 
tirely preventable  and  their  presence,  to  any  extent,  in  an  army 
post  is  a  reflection  either  upon  the  intelligence  of  the  sanitary  officer 
in  control,  or  upon  that  of  other  authorities  who,  either  by  inditTer- 
ence  to  the  recommendaticms  of  the  sanitary  officer  or  unwillinfrness 
to  supply  the  necessan^  funds,  have  rendered  the  efforts  at  prophy- 
laxis futile. 
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PREFACE 


In  the  sundry  civil  act  for  lODi,  under  the  appropriation  for  print- 
ing and  binding  for  the  War  Department,  it  was  provided: 

That  the  sum  of  $3.()00,  or  so  much  thereof  as  maj-  Jm?  necessary,  may  be 
used  for  the  publication  from  time  to  time  of  bulletins  prepared  under  the 
direction  of  the  Surgeon  General  of  the  Army  for  the  instruction  of  medical 
officers,  when  approved  by  the  Secretary  of  War. 

Similar  provision  was  made  in  the  sundry  civil  act  for  1914,  and 
it  is  hoped  that  this  appropriation  will  be  continued  from  year  to 
year  in  the  future.  It  is  intended  that  these  bulletins  shall  be  used 
for  the  publication  to  the  Medical  Corps  of  the  special  technical 
work  of  the  service  laboratories,  the  reports  of  the  boards  for  the 
study  of  tropical  diseases,  and  other  work  of  medical  officers  which 
is  of  too  special  or  technical  a  character  to  make  it  acceptable  for 
publication  in  the  medical  journals  and  the  military  surgeon. 

The   bulletin   will  be   published,   if   possible,   at   least   quarterly. 

Officers  of  the  corps  are  requested  to  submit  suitable  articles  to  this 

office  for  use  in  the  bulletin,  with  the  understanding  that  they  may  be 

published  elsewhere  by  the  author  if  found  not  suitable  for  the 

bulletin. 

Chas.  M.  Gandy, 

Acting  Surgeon  General  United  States  Army. 


September  24,  1913. 

ORDER. 

A  board  of  officers  of  the  Medical  Corps,  representing  the  sanitary 
and  statistical  division  and  the  Library  of  the  Surgeon  General's 
Office  and  the  laboratory  of  the  xVrmy  ^ledical  School,  is  hereby 
convened  for  the  purpose  of  collecting  materials  and  arranging  for 
the  publication  of  the  bulletins  for  the  instruction  of  medical  officers 
authorized  by  the  act  approved  June  23,  1913. 
Detail  for  the  board : 

Lieut.  Col.  Champe  C.  McCuUoch,  jr. 
Maj.  William  J.  L.  Lyster. 
Maj.  Eugene  R.  Whitmore. 

Chas.  M.  Gandy, 
Acting  Surgeon  General  United  States  Army. 
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IlS'TEODUCTIOlSr. 


This  bulletin  has  been  prepared  especially  to  make  permanent 
record  of  many  interesting  and  instructive  gastrointestinal  cases 
which  have  been  studied  in  the  roentgenological  laboratory  of  the 
United  States  Army  Medical  School.  Roentgenograms  of  a  few 
cases  other  than  gastrointestinal  having  some  special  interest  have 
been  added.  Nearly  all  of  the  cases  reported  here  have  had  the 
X-ray  findings  checked  either  by  operation  or  autopsy.  It  is  so 
stated  under  the  case  report  if  the  diagnosis  was  established  in  some 
other  way. 

For  the  sake  of  making  the  work  complete  it  is  thought  best  to 
give  a  short  account  of  the  gradual  evolution  of  the  present  methods 
of  roentgenological  examination  of  the  gastrointestinal  tract  and 
to  describe  the  method  used  in  examination  of  the  cases  reported  here. 
A  short  description  is  also  given  of  the  signs  which  have  been  proven 
of  value  in  diagnosis  of  various  gastrointestinal  lesions. 
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HISTORY METHODS  OK  EXAMINATION. 

The  X  ray  was  first  used  to  study  the  moveuieuts  of  the  fjastro- 
intestinal  tract  in  animals  by  Cannon,  of  Boston,  in  1800.  Bismuth 
subnitrate  was  used  as  the  opaque  medium  to  render  the  tract  visible. 
The  present  method  of  examination  in  man  was  instituted  by  Rieder, 
of  Munich,  in  1904.  The  subnitrate  of  bismuth  was  soon  found  to 
be  toxic  in  the  large  amounts  used  and  has  been  supplanted  by  other 
salts.  The  most  commonly  used  salt  at  the  present  time  is  bismuth 
subcarbonate.  Barium  sulphate  is  rapidly  gaining  in  favor  and 
has  the  advantage  of  being  much  cheaper  than  bismuth.  Several 
firms  now  prepare  barium  sulphate  especially  for  X-ray  work,  and 
one  should  always  so  specify  when  ordering  it.  Tt  is  necessary  to 
use  it  in  a  little  larger  quantities  than  bismuth,  but  even  so  the  cost 
is  materially  less. 

The  following  procedure  has  been  used  in  the  examination  of  the 
cases  whose  histories  are  recorded  in  this  bulletin.  The  patient 
presents  himself  for  examination  without  any  special  preparation, 
the  aim  being  to  examine  him  in  as  nearly  his  usual  condition  as 
possible.  Three  ounces  of  bismuth  subcarbonate  is  mixed  with  8 
ounces  of  buttermilk.  The  patient  then  stands  in  an  upright  fluoro- 
scope  with  his  right  hand  behind  his  head  and  the  right  anterior 
part  of  his  chest  pressed  snugly  against  the  fluorescent  screen. 
While  the  operator  is  observing  the  shadow  on  the  screen  the  patient 
takes  the  glass  containing  the  bismuth  meal  in  his  left  hand  and 
drinks  slowly,  the  observer  carefully  noting  any  unusual  delay  or 
deviation  in  the  passage  of  the  bismuth  and  buttermilk  through 
the  esophagus.  The  patient  then  turns  so  that  the  anterior  part  of 
the  abdomen  is  against  the  screen  and  the  stomach  is  observed  for 
a  moment  to  detect  any  abnormalities  of  shape,  position,  motility, 
or  mobility.  One  roentgenogram  is  then  made  in  this  j)osition. 
He  now  lies  horizontally  upon  a  table  with  abdomen  next  to  it,  a 
pillow  being  placed  under  the  chest  and  another  under  the  hips  to 
avoid  undue  pressure  upon  the  stomach.  A  series  of  plates  varying 
in  number  from  0  to  12  is  now  uuide.  One  or  two  plates  are  also 
taken  with  the  patient  turned  somewhat  obliquely  in  order  to  get  a 
shadow  of  the  posterior  wall  of  the  stomach.     No  further  exaniina- 
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tion  is  made  until  six  hours  later,  when  one  plate  is  taken  to  deter- 
mine whether  or  not  there  is  any  residue  in  the  stomach.  The  pa- 
tient should  fast  from  the  time  the  bismuth  meal  is  taken  until 
after  the  six-hour  picture,  since  mixture  of  food  with  the  bismuth 
meal  will  cause  delay  in  emptying  of  the  stomach. 

The  next  examination  is  made  24  hours  after  ingestion  of  the 
bismuth,  when  the  colon  is  usually  found  fairly  well  outlined.  For 
this  examination  the  patient  stands  in  the  fluoroscope,  and  by  manipu- 
lation it  can  be  determined  whether  or  not  there  is  any  unusual 
fixation  of  the  colon.  One  plate  is  made  at  this  time  for  record.  To 
make  the  study  of  the  colon  complete,  it  is  necessary  to  fill  it  with 
an  enema  of  some  opaque  material.  This  can  be  conveniently  done 
at  the  24-hour  examination,  the  bismuth  still  present  from  the  meal 
offering  no  material  objection  to  this.  The  enema  is  prepared  by 
mixing  6  ounces  of  barium  sulphate  with  IJ  liters  of  luke-warm 
water  and  adding  1  ounce  of  powdered  gum  acacia  to  hold  the 
barium  in  suspension.  This  mixture  is  placed  in  a  fountain  syringe 
and  suspended  about  3  feet  above  the  table  on  which  the  patient  is 
"to  lie.  It  has  been  found  entirely  unnecessary  to  use  a  rectal  tube, 
since  the  colon  is  readily  filled  by  using  a  common  hard-rubber  rectal 
tip.  The  patient  lies  upon  his  left  side  and  the  suspension  is  allowed 
to  flow  slowly  into  the  bowel.  AYhen  it  has  all  entered  he  turns  upon 
the  abdomen,  the  plate  is  placed  beneath  him,  and  the  exposure  made. 
He  then  arises  and  stands  in  the  upright  flouroscope  to  enable  the 
examiner  to  again  examine  the  colon  for  points  of  fixation  or  con- 
striction. One  plate  is  taken  in  this  position.  If  anything  unusual 
is  found  in  the  colon,  it  is  well  now  to  make  stereoroentgenograms  be- 
cause they  assist  greatly  in  deciding  upon  the  presence  or  absence 
of  kinks  or  constrictions.  The  examination  is  now  complete  unless 
some  special  abnormalities  have  been  discovered  which  require  verifi- 
cation or  further  study. 

Plates  10  by  12  inches  have  been  found  the  most  convenient  size 
for  stomach  work  and  14  by  17  inches  for  the  colon. 

STUDY  OF  CASES. 

None  of  the  esophageal  cases  studied  in  this  laboratory  have  come 
to  autopsy  and  for  this  reason  no  case  histories  are  presented  here.  A 
few  roentgenograms  are  reproduced  showing  esophageal  obstruction. 

THE  STOMACH. 

The  normal  stomach  varies  greatly  in  size,  shape,  and  position. 
The  best  classification  is  probably  that  based  upon  muscuhir  tone. 
(Figs.  1-4).  The  orthotonic  stomach  grasps  its  contents  and  main- 
tains its  tubular  shape  with  the  patient  erect.  The  hypertonic  variety 
is  the  so-called  "  steer-horn  "  shape,  lying  higli  in  the  epigastrium 
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and  more  or  less  horizontal.  This  form  is  scarcely  ever  seen  in  women 
and  usually  only  in  men  of  well-developed  musculature.  In  the 
hypotonic  form  the  vertical  j)art  of  the  stomach  has  lo.st  its  tubukr 
shape,  much  of  the  meal  having  settled  to  the  lowest  part.  In  the 
atonic  stomach  tlie  meal  gravitates  to  the  most  dependent  portion, 
little  or  none  remaining  in  the  veilical  part.  In  determining  the 
emptying  time  of  the  stomach  its  tone  must  be  taken  into  considera- 
tion. Six  hours  is  considered  a  liberal  limit  for  the  stomach  to  lje- 
come  completely  empty,  but  in  an  atonic  stonuich  it  may  take  at 
least  eight  hours. 

The  first  part  of  the  duodenum,  known  as  the  duodenal  cap,  is 
important  from  a  roentgenologic  standpoint.  Constant  variations 
in  its  contour  may  furnish  evidence  of  various  abnormalities.  Fig- 
ures 5-8  show  roentgenograms  of  the  stomach  and  duodenal  cap 
which  may  be  considered  entirely  normal. 

Ulcer  of  the  stomach. — The  Roentgen  ray  has  become  of  gi-eat  as- 
sistance in  the  detection  of  gasti'ic  ulcer,  in  many  cases  not  (mly  fur- 
nishing positive  evidence  of  its  presence  but  also  giving  information 
as  to  its  position  and  extent.  Two  varieties  of  ulcer  may  be  posi- 
tively diagnosed  by  the  X  ray.  These  are  the  penetrating  ulcer  with 
deep  crater  and  the  perforating  ulcer  with  cavity  formation.  Figure 
9  shows  a  perforating  ulcer  about  the  middle  of  the  lesser  curvature, 
the  bismuth  having  entered  the  cavity  outside  of  the  stomach.  Fig- 
ure 13  shows  evidence  of  a  penetrating  ulcer  on  the  upper  third  of 
the  lesser  curvature  with  a  deep  incisura  opposite  to  it.  It  is  often 
necessary  to  use  the  greatest  care  in  order  to  visualize  the  "niche" 
of  the  penetrating  or  the  cavity  of  the  perforating  ulcer,  since  it  may 
be  located  posterior  to  the  stomach,  and  hence  invisible  in  a  postero- 
anterior  view.  The  stomach  should  always  be  viewed  in  an  oblique 
direction  with  the  right  anterior  part  of  the  abdomen  against  screen 
or  plate,  in  order  to  visualize  abnormalities  on  the  posterior  wall. 

There  are  other  roentgenologic  signs  of  great  value  as  corrobo- 
rative evidence  of  the  presence  of  ulcer,  although  not  diagnostic  in 
themselves.  These  are  the  incisura  (figs.  10,  11,  12,  and  14),  the 
six-hour  residue,  hourglass  stomach,  and  localized  tender  point  on 
pressure. 

The  incisura  is  an  indentation  of  the  wall  of  the  stomach  occurrinor 
opposite  to  an  ulcer.  It  practically  always  occurs  on  the  greater 
curvature  opposite  to  an  ulcer  of  the  lesser  curvature.  As  a  sign  of 
gastric  ulcer  it  ranks  next  in  importance  to  the  positive  diagnostic 
signs  mentioned  above.  Care  must  be  taken  not  to  confuse  the  in- 
cisura cardiaca  occurring  in  normal  stomachs  under  the  left  costal 
margin  or  the  incisura  angularis  occurring  in  the  angle  of  the  lesser 
curvature  with  true  incisurae.  Very  typical  lookintj  incisurae  mav 
also  be  caused  by  reflex  irritation,  such  as  appendix  or  gall-bladder 
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disease.  To  be  of  value  as  a  diagnostic  aid,  the  incisura  must  be 
constant  in  position  and  accompanied  by  other  signs  of  ulcer.  The 
cause  of  the  incisura  is  thought  to  be  the  spasmodic  contraction  of 
the  circular  muscular  fibers  of  the  stomach  as  a  result  of  the  irrita- 
tion of  the  ulcer.  The  edges  of  a  true  incisura  are  usually  quite 
smooth  and  its  extremity  bluncly  rounded.  The  occurrence  of  two 
ulcers  close  together,  however,  may  give  it  a  ragged  appearance.  It 
may  vary  in  depth  from  a  mere  nick  to  such  a  depth  as  to  produce 
almost  an  hourglass  appearance.  Although  the  true  incisura  is 
constant  in  position  it  is  not  constant  m  depth.  This  would  nat- 
urally be  expected,  since  its  cause  is  a  spasmodic  contraction  of  the 
muscular  fibers. 

A  marked  residue  in  the  stomach  at  the  end  of  six  hours,  amount- 
ing to  one-eighth  or  more  of  the  meal,  is  considered  a  confirmatory 
sign  of  ulcer.  The  pylorospasm  which  usually  accompanies  ulcer 
is  supposed  to  be  the  cause  of  the  delay  in  emptying.  There  are 
other  causes,  however,  of  slow  evacuation  of  the  stomach  w^hich 
must  be  taken  into  account,  such  as  carcinoma,  obstruction  in  the 
duodenum  from  various  causes,  obstructive  adhesions  from  chole- 
cystitis, and  reflex  spasms  of  the  pylorus  caused  by  conditions  else- 
where in  the  abdomen.  It  is  obvious  that  the  tone  of  the  stomach 
must  be  taken  into  consideration  in  judging  the  significance  of  a 
six-hour  residue.  A  residue  which  has  no  significance  at  all  in  an 
atonic  stomach  might  be  of  great  importance  in  one  that  is  hyper- 
tonic. If  interpreted  in  the  light  of  other  findings  the  six-hour 
residue  is  of  value  as  a  diagnostic  sign.  The  presence  of  a  well- 
marked  incisura,  for  instance,  accompanying  the  six-hour  residue  is 
considered  quite  positive  evidence  of  the  presence  of  ulcer. 

The  hour-glass  stomach  has  about  the  same  value  in  diagnosis  of 
ulcer  as  the  incisura,  since  it  usually  has  the  same  cause — a  spasmodic 
contraction  due  to  irritation.  This  condition  may,  however,  be 
organic,  due  to  extensive  adhesions  after  ulcer  which  has  perforated. 
The  hour-glass  stomach  caused  by  carcinoma  has  fairly  characteristic 
indentations  which  will  be  described  later. 

A  localized  pressure  tender  spot  must  be  very  sharply  circum- 
scribed, constantly  present,  and  accompanied  by  other  signs  of  ulcer 
in  order  to  be  of  value  as  a  diagnostic  aid. 

All  of  the  roentgenologic  signs  of  ulcer  are  less  easily  demon- 
strated near  to  the  pylorus  and  in  the  duodenal  cap.  For  this  region 
Cole's  method  of  serial  reontgenography  is  of  especial  value.  The 
only  objection  to  its  use  is  the  hu'ge  number  of  plates  used,  but  the 
writer  has  found  that  information  can  be  gained  about  the  condition 
of  the  pyloric  end  of  the  stomach  and  of  the  duodenum  which  it  is 
very  difficult  or  impossible  to  obtain  in  any  other  way.  The  method 
consists  in  taking  10  or  12  plates  in  rapid  succession  (as  rapidly  as 
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one  can  be  substituted  for  unother)  with  the  patient  prone.  Five 
or  six  phites  are  then  made  in  an  oblique  or  hiteral  position  and  the 
same  number  with  the  patient  erect.  To  minimize  the  cost  of  thus 
procedure  8  by  10  phites  may  be  used.  When  the  plates  are  finished 
they  are  placed  side  by  side  in  an  illuminating  box  in  the  order  in 
which  they  were  exposed  and  carefully  compaivd.  Certain  small 
defects  in  the  bisnuith  shadow  constantly  present  in  all  of  the  plates 
can  be  quite  accurately  interpreted  as  caused  by  various  condititms, 
such  as  scar  from  ulcer,  or  adhesions  due  to  ulcer  or  cholecystitis. 
Good  plates  are  necessary,  and  much  care  and  exi)erience  must  be 
exercised  in  utilizing  this  method;  but,  as  stated  above,  it  is  a  very 
useful  one  in  lesions  al>out  the  pylorus. 

In  interpreting  appearances  about  the  antrum  pylori  and  of  the 
cap  one  must  take  care  to  distinguish  those  deformities  due  to  spasm. 
Spasmodic  contractions  causing  almost  complete  obliteration  of  both 
antrum  and  cap  may  be  induced  by  a  variety  of  causes.  Among 
these  are  chronic  appendicitis,  gall-bladder  disease,  and  either  gas- 
tric or  duodenal  ulcer,  especially  if  perforated.  Serial  roentgenog- 
raphy has  an  advantage  here  since  if  even  one  plate  shows  an  antrum 
and  a  Cap  normal  in  contour  it  is  evident  that  the  deformity  is  caused 
by  spasm. 

Gallstones  sometimes  throw  a  shadow  upon  the  plate  from  which 
a  diagnosis  of  their  presence  may  be  made.  Case  estimates  that  they 
may  be  detected  in  about  50  per  cent  of  the  cases  in  which  they  are 
present.     (Fig.  23.) 

Carcinoma  of  the  stomachy  if  at  all  advanced,  gives  a  very  charac- 
*'  teristic  roentgenographic  appearance.  The  evidence  is  that  of  an 
irregular  growth  encroaching  upon  the  gastric  lumen.  (Fig.  18.)  If 
the  tumor  is  near  to  the  pylorus  it  may  cause  obstruction  with  conse- 
quent enlargement  of  the  stomach.  (Figs.  20  and  21.)  There  are 
other  cases  in  which  the  stomach  is  very  small  (Fig.  22),  due  to 
general  infiltration  of  the  walls.  This  general  contraction  of  the 
stomach  may  also  be  caused  by  the  condition  known  as  linitis  plas- 
tica.  (Fig.  25.)  Often  a  small  cancer  at  the  pylorus  will  be  accom- 
panied by  very  rapid  emptying  of  the  stomach  as  a  result  of  the 
infiltration  and  stiffening  of  the  pyloric  walls. 

Gumma  of  the  stonuich  may  be  mistaken  for  carcinoma,  since  the 
roentgenologic  findings  are  practically  identical.  (Figs.  23  and  23a, 
b,  and  c.) 

THE    SMALL    INTESTINE. 

Adhesions  about  the  first  part  of  the  duodenum  or  duodenal  cap 
have  already  been  mentioned.  Figures  15  and  20  show  roentgeno- 
grams of  cases  in  which  diagnoses  were  correctly  made  of  adhesions 
involving  the  gall  bladder  and  cap. 
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Obstructions  in  the  duodenum  and  other  parts  of  the  small  in- 
testine are  shown  by  the  collection  of  the  bismuth  proximal  to  them. 
The  second  and  third  parts  of  the  duodenum  and  the  entire  extent 
of  the  jejunum  yield  very  little  information  to  roentgenologic  in- 
vestigation because  of  the  rapidity  with  which  the  bismuth  meal 
passes  through  them. 

Stasis  in  the  ileum  has  received  much  attention  during  the  past 
few  years.  The  presence  of  this  condition  can  be  determined  by 
roentgenologic  study.  Usually  when  the  patient  returns  for  the 
24-hour  examination  the  ileum  is  empty.  If  there  has  been  no 
undue  delay  in  evacuation  of  the  stomach  the  presence  of  bismuth 
in  the  ileum  at  the  end  of  24  hours  is  an  evidence  of  ileac  stasis.  Its 
degree  can  be  determined  by  later  examinations.  Very  often  the 
cause  of  the  stasis  can  be  discovered,  such  as  Lane's  kink  or  adhesions 
about  the  cecum  and  terminal  ileum.     (Figs.  27  and  28.) 

IncoTRjyetence  of  the  ileo-cecal  value  is  present  in  a  considerable 
percentage  of  cases  receiving  the  barium  enema,  as  shown  by  the  fill- 
ing of  the  ileum  and  sometimes  even  of  the  jejunum.  (Fig.  29.)  The 
writer  has  been  unable  to  associate  these  cases  with  any  particular 
symptomatology,  some  of  them  indeed  appearing  quite  normal. 

THE    COLOX. 

The  colon  varies  even  more  than  the  stomach  in  size,  position,  and 
mobility.  It  gradually  diminishes  in  diameter  from  the  cecum  to 
the  sigmoid. 

The  cecum  shows  great  variations  in  size,  in  some  cases  being  widely 
dilated  and  in  others  contracted.  The  dilatation  may  be  due  to  adhe- 
sions or  pericolonic  membranes  above  the  cecum,  causing  obstruc- 
tion, or  to  an  atonic  condition.  A  small  contracted  cecum  may  be 
caused  by  adhesions  about  it  following  appendicitis  or  cecal  inflam- 
mation independent  of  the  appendix,  or  to  an  investing  membrane. 

The  mobility  of  the  cecum  and  other  parts  of  the  colon  may  be  de- 
termined by  palpation  during  the  screen  examination.  The  cecum  is 
often  abnormally  fixed  by  adhesions  or  congenital  membranes,  the 
fixation  tending  to  produce  cecal  stasis.  On  the  other  hand,  it  is 
sometimes  abnormally  movable  (cecum  mobile).  In  the  latter  case 
it  is  also  usually  dilated  and  atonic.  Other  parts  of  the  colon  may 
also  be  fixed  or  reduplicated  in  an  unusual  manner  so  as  to  offer 
obstruction  to  the  passage  of  its  contents.  Ptosis  of  the  transverse 
colon  is  a  very  comnxm  finding,  but  probably  causes  little  trouble  to 
the  patient  unless  some  part  of  the  ptosed  viscus  is  fixed  in  such  a 
way  as  to  cause  obstruction.     (Figs.  33  and  38.) 

I'here  has  been  considerable  speculation  as  to  the  manner  of  origin 
of  the  various  membranes  and  adhesions  about  the  cecum  and  other 
parts  of  the  colon,  whether  they  are  congenital  or  of  inflammatory 
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origin.  The  general  view  now  seems  to  be  that  many  of  the  veils  an^l 
membranes  are  probably  congenital,  but  that  the  presence  of  these 
may  at  some  time  determine  n  certain  amount  of  fecal  stasis  with 
consequent  infection  which  produces  a  localized  colitis.  The  colitis 
causes  the  production  of  further  adhesicms,  which  in  turn  increase 
the  tendency  to  fecal  stasis,  a  "  vicious  circle  "  being  formed. 

The  sigmoid  is  sometimes  long  and  redundant  and  may  be  adher- 
ent in  the  region  of  the  appendix  or  in  almost  any  other  part  of  the 
abdomen.  Case  reports  a  case  in  which  the  sigmoid  was  adherent  to 
both  a  diseased  appendix  and  to  the  gall  bladder.  Figure  42  is  that 
of  a  case  in  which  the  sigmoid  is  adherent  high  on  the  left  side  of  the 
abdomen. 

New  growths  of  the  colon  may  be  quite  accurately  diagnosed  by 
X-ray  study.  Figure  3G  shows  roentgenogram  with  defect  in  colonic 
shadow,  due  to  pressure  of  tumor  from  without. 

Spastic  constipation  may  be  diagnosed  from  the  appearance  of  the 
shadow  of  the  cohm  following  a  bismuth  meal.  The  appearance  is 
that  shown  in  figure  43. 

CASE  HISTORIES. 

CaseI.    Mr.  G.E.W.    Age,55.    Date,  December  31, 1913.     (Fig.  9.) 
History. — Came   under   observation  of  Dr.   J.   R.   Verbrycke  on 

(December  26,  1913.  Has  suffered  from  indigestion  for  four  years. 
Two  years  ago  diagnosis  of  gastric  ulcer  was  made ;  had  hematemesis 
at  that  time.  During  past  four  years  has  lost  about  60  pounds  in 
weight.  Complains  of  pain  in  left  side  of  epigastrium  running  down- 
ward. Also  has  hunger  pain  at  times,  which  is  worse  at  night.  Gas 
and  fullness.  Bowels  constipated  and  had  passed  tarry  stools  two 
days  ago.  One  day  in  October  had  been  suddenly  thrown  to  floor 
with  violent  pain  in  upper  abdomen.  Recovered  from  this  attack 
and  went  to  work  again  next  day. 

Phijsical  signs. — Pulse  rapid  and  intermittent;  aj^ex  beat  in  eighth 
interspace,  nipple  line.  Blood  pressure,  170.  Splashing  sound  en- 
tirely on  left  side  of  abdomen.  Localized  point  of  tenderness  in 
midepigastrium  and  a  more  marked  one  just  below  costal  border  in 
left  side  of  epigastrium.  Indefinite  feeling  of  mass  over  left  side 
of  epigastrium.  Did  not  pass  stomach  tube  because  of  condition  of 
heart.  Vomitus,  about  200  c.  c.  in  amount,  brownish,  acid,  containing 
many  leucocytes  and  yeast  cells;  one  food  particle  from  night  before. 
Occult  blood  faint.  Acidity,  36  and  46.  Thread  test  negative  (did 
not  pass  pylorus).  Patient  put  to  bed  until  December  31,  without 
improvement. 

Roentgenological  e.ra?ni nation. — December  31,  1913.  Stomach 
large  and  atonic.  Small  amount  of  bismuth  outside  of  stomach  about 
middle  of  lesser  curvature.    Partial  hour  glass  condition. 
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Diagnosis  positive  of  perforated  gastric  ulcer. 

Operative  findings. — Operation  by  Dr.  C.  S.  White  January  5, 
1914.  Large  inflammatory  mass  in  hollow  of  lesser  curvature  about 
half  size  of  Qgg.  Adhesions  about  perforation  Avere  very  firm  and  were 
left  undisturbed.    Gastroenterostomy  performed  well  above  ulcer. 

Subsequent  history. — Patient  made  an  excellent  recovery.  Heart 
symptoms  relieved  immediately  after  operation.  August  31,  1914, 
patient  does  his  work,  eats  well,  and  suffers  only  occasionally  from 
vague  digestive  symptoms. 

Case  2.  Mrs.  A.  O.  Age,  36.  Date,  January  2,  1914.  (Figs.  10, 
11,  and  11a.) 

History. — Came  under  observation  of  Dr.  J.  R.  Verbrycke  on  De- 
cember 11,  1913.  Two  months  before  had  had  appendicectomy  and 
freeing  of  adhesions  about  cecum.  Has  had  symptoms  referable  to 
stomach  for  at  least  12  years.  Suffers  from  frequent  attacks  of 
vomiting  and  headache,  w^hich  come  on  irregularly  every  few  da^^s 
and  sometimes  lasting  for  several  days.  She  has  sometimes  remained 
well  for  several  months,  when  attacks  return.  No  colic  or  cramps. 
The  vomiting  usually  occurs  about  one  hour  after  eating.  Markedly 
constipated. 

Physical  signs. — Right  kidney  palpable  and  slightly  tender. 
Splash  sound  only  over  upper  half  of  epigastrium.  Slight  tender- 
ness over  entire  epigastrium,  but  one  very  tender  spot  in  left  nipple 
line  2  inches  above  the  umbilicus.  No  occult  blood  in  feces.  Only 
5  c.  c.  of  stomach  contents  obtained.  Excess  of  mucus.  Free  acid,  40. 
Total  acidity,  50.    Remnants  of  undigested  food  end  of  24  hours. 

Clinical  diagnosis. — Constipation.  Acid  catarrh.  Migraine: 
Nephroptosis.  Lavage  of  stomach  was  practiced  every  other  day 
until  December  26.  There  were  no  symptoms  while  this  was  con- 
tinued, but  no  improvement  took  place  in  emptying  of  stomach. 

Roentgenological  examination. — January  2,  1914.  Stomach  is 
orthotonic.  A  deep  incisura  is  present  on  the  upper  third  of  the 
greater  curvature,  causing  hourglass  stomach.  Directly  opposite  to 
incisura  is  a  well-localized  area  of  tenderness.  Small  six-hour  resi- 
due in  lower  sac.  The  evidence  points  to  ulcer  of  the  lesser  curvature. 
The  hourglass  condition  is  largely  spasmodic,  since  the  incisura  is 
not  constant  in  depth. 

Operative  findings. — January  19,  1914.  Bandlike  constriction  of 
upper  third  of  stomach.  Many  adhesions  about  anterior  border  of 
lesser  curvature  were  separated  by  finger,  disclosing  an  opening  in 
the  stomach  which  admitted  tip  of  finger.  Tissue  surrounding  ulcer 
congested  and  friable.  Ulcer  was  excised  and  lower  sac  anastomosed 
with  upper,  almost  entire  width  of  stomach  being  used. 

Subsequent  histoiy — Practically  no  shock  following  operation. 
Cautiously  fed  buttermilk  and  other  liquids  for  two  weeks.     Felt 
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well  until  February  27,  when  she  began  to  have  ^(Jiue  epigastric  pain. 
Vomited  several  times  up  to  March  10,  when  roentgen(jgram.s  were 
again  made.  (Fig.  11.)  Roentgenograms  show  hourglass  contrac- 
tion at  same  place  as  before  operation.  The  contraction  is  mostly 
spasmodic,  as  shown  by  the  fact  that  much  of  the  bismuth  remains 
in  the  upper  sac  for  about  five  minutes  and  then  suddenly  nearly  all 
of  it  passes  into  the  lower.  Was  given  ati'opin  for  considerable  time. 
Has  gained  in  weight  and  does  not  sutler  from  any  digestive  symp- 
toms at  present  time,  although  she  states  that  her  stomach  "  does 
not  yet  feel  right."  Roentgenograms  on  August  24,  1914  (fig.  11a), 
show  that  the  hourglass  constriction  is  still  present.  It  seems  now 
to  have  more  of  the  characteristics  of  an  organic  contraction. 

Case  3.     Mrs.  J.  R.     Age,  50.     Date,  March  28,  1914.     (Fig.  12.) 

History. — Patient  of  Dr.  J.  R.  Verbrycke.  Has  had  ''stomach 
trouble  "  for  13  years.  Twelve  years  ago  had  severe  hemorrhages 
from  stomach  and  was  treated  in  bed  for  six  weeks.  Since  then  has 
had  recurrent  attacks,  with  periods  of  complete  freedom  from 
symptoms.  Complains  principally  of  pain  in  the  epigastrium  a 
short  time  after  eating.  Burning  and  nausea,  with  occasional  vomit- 
ing.   All  symptoms  partially  relieved  by  alkalies. 

Physical  examination. — Abdomen  pendulous.  Recti  relaxed.  Well 
localized  point  of  tenderness  left  of  median  line,  midway  between 
ensiform  and  umbilicus.  Gastric  contents:  Free  acid,  60;  total 
acid,  74.    Occult  blood,  faint.    String  test,  could  not  swallow  string. 

Roentgenologic  examination. — March  28,  1914.  Stomach  ortho- 
tonic;  freely  movable.  Well-localized  tender  spot  about  middle  of 
lesser  curvature.  Large  six-hour  residue.  Well-marked  incisura 
on  upper  third  of  greater  curvature.  No  examination  of  colon  was 
made.  The  evidence  points  to  the  presence  of  an  ulcer  of  the  lesser 
curvature.  Operation  was  advised,  but  refused.  Two  weeks  later 
the  patient  was  seized  with  severe  cramplike  pains  in  abdomen. 
There  was  general  tenderness  over  entire  abdomen;  slight  rigidity 
of  both  recti;  temperature,  100°  F. ;  pulse,  98;  leucocytes,  5,400. 
Perforation  of  gastric  ulcer  suspected.  During  next  eight  hours 
temperature  rose  gradually  to  101.6°  F.,  while  other  signs  remained 
the  same.  A  second  leucocyte  count  at  this  time  was  3,400,  and  a 
third  count,  one  hour  later,  was  2,800.  Patient  was  then  operated 
upon. 

Operative  findings. — On  lesser  curvature,  just  above  middle  of 
lesser  curvature,  was  a  markedly  congested  area  about  size  of  a  half 
dollar,  covered  with  fine,  fresh  adhesions.  A  slight  thickening  of  the 
stomach  walls  was  evident  in  this  area.  There  was  no  perforation. 
No  other  abnormality  was  found  in  the  abdomen.  Gastroenter- 
62625°— Bull.  7—15 2 
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ostomy  was  performed.  Twelve  hours  after  operation  temperature 
was  normal  and  leucocyte  6,600. 

Post-operative  history. — Au^st  31,  1914.  Patient  made  a  good 
recovery  from  the  operation,  but  her  symptoms  have  improved  only 
slightly.  She  suffers  in  much  the  same  way  that  she  had  for  years 
previous  to  the  operation.  Still  has  indigestion,  nausea,  burning, 
and  some  pain. 

Case  4.    Mrs.  A.  C.    Age,  49.    Date,  November  10,1913.     ( Fig.  13. ) 

History. — Patient  of  Dr.  William  Gerry  Morgan,  whom  she  first 
consulted  on  December  11,  1912.  During  previous  September  had 
infected  hand,  which  was  incised  several  times.  States  that  she  has 
had  digestive  disturbances  for  past  four  years,  during  which  time 
she  has  had  three  attacks.  The  last  attack  has  lasted  for  several 
months.  Symptoms  are  severe  pain  in  epigastrium,  gas  in  stomach, 
poor  appetite,  and  pyrosis.  Pains  begin  when  somach  is  empty  and 
stop  for  short  time  after  meals.  Greatly  constipated.  Emaciated 
and  pale. 

Physical  examination. — Chest  negative.  Abdomen  flabby.  Tender 
spot  about  middle  of  epigastrium.  Free  HCl  66.  Occult  blood  in 
feces.  Patient  given  medical  treatment  w^ith  alternate  improvement 
and  relapse. 

Roentgenological  -findings. — Stomach  hypertonic.  Marked  in- 
cisura  about  middle  of  greater  curvature.  Sharply  localized  tender- 
ness immediately  opposite  to  incisura  on  lesser  curvature.  Patient 
was  very  weak  and  unable  to  return  for  six-hour  examination.  Evi- 
dence points  to  presence  of  lesser  curvature. 

Operative  findings. — Thin  scar  of  old  ulcer  close  to  pylorus  on 
lesser  curvature.  About  middle  of  lesser  curvature  was  a  ver}^  red, 
hard,  indurated  nodule  about  size  of  a  cherry — a  penetrating  ulcer. 
Gastroenterostomy  was  performed,  although  this  would  seem  to  have 
been  an  ideal  case  for  excision. 

Post-operative  history. — Patient  has  shown  little  improvement  in 
general  symptoms. 

Case  5.    Miss  D.    Age,  36.    Date,  March  8,  1914.     (Fig.  14.) 

History. — Had  pelvic  operation  in  January,  1911.  ,  Gained  in 
weight  and  felt  well  for  several  months,  when  she  fell  and  injured 
coccyx,  which  was  subsequently  removed.  About  one  year  ago  began 
to  suffer  from  periodic  epigastric  pain.  These  pains  came  on  from 
one-half  to  two  and  one-half  hours  after  eating,  but  lately  they  have 
started  almost  immediately  after  eating.  Is  sometimes  nauseated, 
but  never  vomits.    Has  lost  considerably  in  weight.    Is  constipated. 

Analysis  of  stomach  contents  has  not  been  made. 

Rocntgcnologi-c  study. — Esophagus  negative.  Stomach  is  hyper- 
tonic and  lies  well  up  in  epigastrium,  largely  to  left  of  spine.  A 
well-marked  incisura  is  present  on  upper  third  of  greater  curvature. 
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Medium-sized  six-hour  residue.  Well-localized  pressure  tender  point 
opposite  incisura.  No  constant  deformity  of  duodenal  cap.  No  evi- 
dence of  abnormality  of  small  intestine  or  colon.  Diag^nosis,  ulcer  of 
lesser  curvature. 

Operative  findings. — May  10,  1914.  Callous  ulcer  about  size  of 
penny  on  lesser  curvature  in  position  indicated  by  incisura.  Ulcer 
excised  and  posterior  gastroenterostomy  performed.  Patient  made 
good  recovery,  and  at  this  date  (Aug.  2^),  1914)  has  had  no  return 
of  symptoms. 

Case  G.  Miss  T.  Age  32.  Date,  January  5,  1913.  (Figs.  15 
and  16.) 

History. — Has  had  recurrent  attacks  of  indigestion  since  child- 
hood. Pain  in  epigastrium  followed  by  vomiting.  These  symptoms 
have  grown  progressively  worse  during  the  past  few  years.  Novem- 
ber 4,  1912,  came  under  observation  of  Dr.  Mallory.  Pain  in  lower 
part  of  abdomen,  which  is  worse  after  eating.  Has  vomited  undi- 
gested food  before  breakfast  several  times. 

Test  hreahfast. — One  hundred  c.  c.  removed.  Half  liquid.  Total 
acid,  38.  No  blood.  Occult  blood  in  feces  on  meat-free  diet.  Ein- 
horn  string  test  positive. 

Clinical  diagnosis  is  gastric  ulcer. 

Roentgenologic  examination. — January  5,  1913.  Stomach  ortho- 
tonic,  fixed  in  epigastrium.  No  incisura.  Medium  six-hour  residue. 
Constant  deformity  of  antrum  pylori.  Evidence  points  to  presence 
of  callous  ulcer,  with  extensive  adhesions.  No  evidence  of  malig- 
nancy. 

Operative  findings. — January  10,  1913.  Large  callous  ulcer,  with 
much  induration,  on  lesser  curvature  near  to  pylorus.  Extensive 
adhesions  present.  Gastroenterostomy  performed.  Surgeon  said 
induration  about  pylorus  looked  malignant. 

Suhsequent  history. — Patient  has  never  regained  strength  and  has 
not  increased  in  weight  since  operation.  Eoentgenologic  examina- 
tion on  April  7,  1913  (fig.  IG),  shows  rapid  emptying  of  stomach 
through  artificial  opening.  Several  examinations  made  since  that 
time  show  that  most  of  the  food  leaves  the  stomach  through  the 
artificial  opening  and  only  a  small  amount  through  the  pylorus. 
The  patient  has  suffered  from  attacks  much  the  same  as  before  the 
operation;  in  fact,  has  every  evidence  of  the  continued  presence  of 
gastric  ulcer. 

Case  T.  Mr.  J.  N.  S.  Age,  53.  Date,  October  23,  1913.  (Figs. 
17,  17a,  and  176.) 

History. — Patient  came  under  observation  of  Dr.  AVilliam  Gerry 
Morgan  on  February  25,  1912.  Duration  of  illness  at  that  time,  30 
months.  Principal  complaint  is  of  pain  in  epigastrium,  coming 
on  two  or  three  hours  after  eating.     He   thinks  food  remains  in 
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stomach  all  night.  Pain  sometimes  relieved  by  drinking  water. 
Constipated. 

Physical  examination. — Chest  negative.  Depression  of  epigas- 
trium with  prominence  of  umbilical  region.  Peristaltic  waA^es 
plainly  seen  over  umbilical  region.  In  right  lumbar  region  on 
bimanual  palpation  is  felt  a  small,  hard,  freely  movable  mass,  which 
may  or  may  not  be  right  kidney.     No  localized  tender  spots. 

Gastnc  analysis. — Amount,  70  c.  c.  Free  acid,  34.  Total  acid,  64. 
Trace  of  occult  blood.  Lavage  in  fasting  state  shows  marked  re- 
tention. Thread  test  positive.  Was  given  medical  treatment,  diet- 
ing, etc.,  until  October  23,  1913,  without  permanent  improvement. 
On  the  latter  date  the  patient  had  lost  in  weight  and  was  very  pale 
and  weak. 

Roentgenologic  examination. — There  is  marked  deformity  of  the 
bismuth  shadow  of  the  entire  pyloric  end  of  the  stomach,  especially 
of  the  lesser  curvature.  Large  six-hour  residue.  The  evidence 
shows  that  there  is  pyloric  obstruction,  probably  organic  in  char- 
acter, and  points  to  the  presence  of  extensive  adhesions  or  cicatricial 
contraction  involving  the  pyloric  antrum.  Beginning  malignancy 
can  not  be  ruled  out. 

Operative  -findings. — October  26,  1913.  A  large  "  saddle  ulcer  " 
just  proximal  to  pylorus  surrounded  by  large  cicatrix.  Many  fine 
adhesions  along  lesser  curvature.  When  stomach  was  opened  for 
gastroenterostomy  the  pyloric  orifice  was  found  almost  completeh^ 
occluded  by  the  contracting  scar  tissue.  There  was  some  induration 
about  the  ulcer,  but  it  was  the  sui^eon's  opinion  that  it  was  not 
malignant.     Only  gastroenterostomy  was  performed. 

Post-operative  Mstory. — Patient  made  a  good  recovery  and  rap- 
idly gained  in  weight  and  strength.  February  3,  1914,  Roentgen  ex- 
amination showed  complete  occlusion  of  pylorous  and  food  passing 
freely  through  artificial  opening.  (Fig.  175.)  Patient  has  remained 
in  good  health  and  remarkably  free  from  symptoms. 

Case  8.     Mr.  P.     Age,  62.     Date,  May  18,  1914.     (Fig.  18.) 

History. — One  brother  died  of  gastric  cancer.  Patient  was  injured 
by  falling  window,  the  comer  of  which  struck  him  in  epigastrium, 
on  July  30,  1913.  Gradually  lost  appetite,  weight,  and  strength. 
Came  under  observation  of  Dr.  C.  S.  White  on  May  16,  1914.  States 
that  he  has  had  constant  pain  in  epigastrium  for  past  five  or  six 
weeks.  No  nausea  or  A'omiting.  Has  lost  about  28  pounds  during 
l^ast  two  months.    Palpable  tumor  in  epigastrium. 

Roentgenologic  examination. — Defects  in  bismuth  sliadow  of  py- 
loric end  of  stomach  are  quite  typical  of  gastric  carcinoma. 

Operative  findings. — May  23.  1914.  Large  carcinoma  involving 
lesser  curvature  of  stomach  and  adherent  to  liver  and  head  of  pan- 
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creas.  Many  enlarged  glands.  Entirely  inoperable.  Died  May  31, 
1914. 

Case  D.  Mr.  G.  S.  C.  Age,  53.  Date,  December  20,  1913. 
(Fig.  19.) 

Uistory. — Came  under  observation  of  Dr.  William  Earl  Clark 
on  December  24,  1913.  Patient  states  that  he  has  been  well  all  his 
life.  Had  operation  for  hernia  11  years  ago.  During  past  month 
has  suffered  from  loss  of  appetite  and  generally  *'  run-down  "  feeling. 
Has  lost  10  pounds  in  past  month.  Says  that  he  felt  perfectly  well 
until  one  month  ago.  His  wife  states,  however,  that  he  has  had  no 
appetite  and  has  suffered  from  loss  of  weight  and  strength  for  at 
least  three  months.  He  now  complains  of  feeling  of  heaviness  and 
discomfort  in  stomach.  Always  feels  badly  after  meals  until  he  can 
vomit.     Bowels  quite  regular. 

Physical  examination. — Skin  pale,  hard,  and  dry.  Chest  negative. 
Liver  not  enlarged.  Abdomen  shows  a  protuberance  in  upper  left 
epigastrium  about  size  of  an  orange.  No  tenderness  over  it.  Per- 
cussion over  it  is  tympanitic,  and  over  it  is  the  only  place  where  the 
splash  sound  can  be  elicited.  A  small,  hard  mass  can  be  felt  in  the 
pyloric  region. 

Gastric  analysis  shows  much  mucus,  no  free  HCl,  a  small  amount 
of  lactic  acid,  and  occult  blood.  Lavage  before  breakfast  shows 
large  residue  with  blood. 

Roentgenologic  findings. — December  26,  1913.  Bismuth  passes 
through  esophagus  more  slowly  than  usual,  and  there  is  slight  delay 
at  the  cardiac  end.  Shadow^  of  the  entire  pyloric  end  of  stomach  is 
replaced  by  long,  thin  line  of  bismuth.  Marked  deformity  of  cap. 
The  appearance  is  that  of  a  large  carcinoma  involving  much  of  the 
pyloric  end  of  the  stomach  and  producing  obstruction,  which  causes 
dilation  of  the  cardiac  end.     Inoperable. 

Operative  findings. — Operation  January  7,  by  Dr.  John  "Welling- 
ton. Considerable  amount  of  free  fluid  in  peritoneal  cavity.  Large 
carcinomatous  mass  involving  pylorus  and  pyloric  end  of  stomach. 
No  attempt  at  removal.  Carcinomatous  nodules  in  peritoneum  and 
omentum.  A  loop  of  jejunum  was  fixed  in  wound,  through  which 
patient  was  fed.  Died,  after  several  attacks  of  hematemesis,  on 
January  13,  1914. 

Case  10.     Mrs.Wm.H.     Age,  53.     Date,  April  27, 1913.     (Fig.  20.) 

History. — Case  of  Dr.  Thomas  Claytor,  who  first  saw  her  on  April 
18,  1913.  Patient  complains  of  indigestion,  with  belching  imme- 
diately after  eating.  No  abdominal  pain  nor  discomfort.  Says  she 
has  lost  somewhat  in  weight.  First  noticed  abdominal  discomfort  in 
January,  1913.  Has  not  vomited.  April  20,  1913,  vomited  a  large 
amount.  On  the  latter  date  a  small  movable  mass  was  felt  in  the 
right  iliac  region,  pressure  upon  it  causing  pain,  which  radiates  to 
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the  back.  Patient  feels  well  in  the  morning,  but  by  evening  abdomen 
is  much  distended. 

Roentgenologic  examination. — Stomach  greatly  enlarged.  Re- 
quired 72  hours  for  complete  evacuation.  Entire  absence  of  cap. 
Indentations  at  pylorus  suggesting  carcinoma.  The  evidence  points 
to  obstruction  at  the  pylorus,  probably  carcinoma,  and  very  likely 
operable. 

Operative  findings. — Patient  delayed  operation  until  June  15. 
Hard  ring-shaped  carcinoma  at  pyloric  end  of  stomach.  Did  not 
involve  liver,  and  there  seemed  to  be  little  involvement  of  any  of  the 
surrounding  tissues.     The  patient  died  from  shock  a  few  hours  after 

the  operation. 

Case  11.     J.  E.    (colored).     Age,  49.     Date,  December  22,  1913. 

(Fig.  21.) 

History. — Only  history  obtainable  is  that  the  patient  has  been 
gradually  losing  weight  and  strength  for  about  seven  months.  Has 
no  pain,  but  vomits  whenever  he  eats.  Palpable  tumor  in  epigas- 
trium. 

Roentgenologic  examination. — Stomach  much  enlarged  due  to 
pyloric  obstruction.  Defects  in  the  bismuth  shadow  point  to  pres- 
ence of  tumor  (probably  carcinoma),  involving  region  of  pylorus, 
much  of  lesser  curvature  and  area  of  greater  curvature  just  below 
pylorus. 

Operative  -findings. — Carcinomatous  mass  about  size  of  fist,  involv- 
ing pylorus  and  lesser  curvature  nearly  to  cardia.  Nodules  on  under 
surface  of  liver.  Enlargement  of  glands.  Abnormal  appearance  in 
Roentgenogram  below  pylorus  was  caused  by  several  adhesions  in 
that  region. 

Patient  died  one  week  after  operation. 

Case  12.    Mr.  J.  V.  C.    Age,  66.    Date,  March  18,  1914.     (Fig.  22.) 

Ilistor]). — Felt  perfectly  well  until  last  June,  when  he  began  to  be 
constipated  and  to  have  occasional  sharp  pains  through  abdomen, 
accompanied  by  belching.  Gradually  began  to  have  a  feeling  of 
stoppage  of  food  when  he  swallowed.  In  August  went  to  physician, 
who  gave  him  some  charcoal  tablets,  which  he  took  during  entire 
winter.  Has  lost  22  pounds  in  weight  since  last  June.  Came  under 
observation  of  Dr.  Camp  Stanley  on  March  16,  1914.  States  that 
he  consulted  doctor  at  this  time  only  upon  solicitation  of  friends, 
since  ho  is  suffering  no  pain  or  inconvenience  which  would  make  it 
seem  necessary  to  him  to  consult  doctor.  Has  at  the  present  time  no 
other  discomfort  than  slight  feeling  of  stoppage  of  food  when  he 
eats  and  slight  soreness  in  the  epigastrium. 

Physical  examination. — Definite  feeling  of  tumor  in  epigastrium. 
No  tenderness  to  pressure. 
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Roentgenologic  examination. — Stomach  very  small  and  fixed  high 
in  epigastrium.  Bismuth  meal  passes  througli  pylorus  almost  as 
rapidly  as  it  enters  stomach.  The  evidence  points  to  an  extensive 
infiltrating  carcinoma. 

Patient  rapidly  became  weaker,  and  died  six  weeks  after  above  ex- 
amination, never  having  suffered  any  pain  nor  shown  any  evidence 
of  pyloric  obstruction.  No  aut()j:)sy  was  permitted,  but  it  is  thought 
that  the  diagnosis  of  gastric  carcinoma  is  reasonably  certain. 

Case  13.  Mr.  8.  S.  Age,  42.  Date,  OctolxT  18,  1913.  (Figs.  23 
and  23a,  b,  and  c.) 

History. — Case  of  Dr.  William  Gerry  Morgan,  whom  he  first  con- 
sulted on  October  17,  1913.  Patient  states  that  he  has  always  been 
well  until  about  two  months  ago,  when  he  noticed  some  digestive  dis- 
turbance— feeling  of  fullness  after  eating  and  belching  of  gas.  Has 
lost  considerably  in  weight  and  feels  generally  weak.  Denies  ve- 
nereal infection  of  any  kind. 

Physical  examination. — Patient  is  emaciated  and  cachectic.  Indefi- 
nite feeling  of  mass  lower  part  of  epigastrium.  Wassermann  made  at 
this  time  w^as  negative.  Stomach  findings  are  not  at  hand,  but  Dr. 
Morgan  stated  that  they  were  such  as  would  be  found  in  advanced 
carcinoma. 

Roentgenological  examination  and  course. — Stomach  occupies  fixed 
position  below  and  to  left  of  umbilicus.  (Fig.  23.)  Ragged  de- 
formity in  bismuth  shadow  along  lesser  curvature  near  pylorus. 
Constant  "  cut-out "  area  along  lower  part  of  greater  curvature  ap- 
pears in  all  positions  and  remains  same  in  extent  and  shape  under 
manipulation  before  screen.  No  cap  demonstrable.  Large  six-hour 
residue.  These  findings  point  to  extensive  infiltrating  growth  of 
walls  of  stomach,  probably  carcinoma.  Colon  normal,  except  for 
some  dilatation  of  cecum. 

October  23^  1913. — Dr.  Morgan  states  that  he  considers  the  case  too 
far  advanced  for  operation. 

December  29^  1913. — Roentgenologic  examination  shows  further 
encroachment  upon  gastric  lumen.  (Fig.  23a.)  Patient  has  con- 
tinued to  lose  in  weight ;  is  very  weak. 

February  7, 191Jf. — Patient  has  gained  12  pounds  in  weight  in  past 
month  and  states  that  he  feels  some  better.  Wassermann  on  this  date 
is  double  plus.  Roentgenogram  shows  same  appearance  as  that  taken 
on  December  29,  1913. 

February  11. — Intravenous  injection  of  salvarsan. 

March  1. — Roentgenogram  shows  remarkable  change  in  appear- 
ance of  stomach.  (Fig.  23b.)  The  defect  on  the  lesser  curvature  has 
almost  entirely  disappeared;  the  "cut-out"  appearance  still  persists 
on  greater  curvature.  Patient  has  increased  a  few  pounds  in  weight 
and  feels  much  better. 
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March  H^  WIJ/,. — Has  had  another  dose  of  salvarsan.  Eoentgeno- 
graphic  appearance  of  stomach  is  about  same  as  on  March  1. 

May  21^  191Jf. — Last  dose  of  salvarsan,  about  three  weeks  ago,  set 
up  a  violent  diarrhea,  which  persisted  for  about  two  weeks.  Patient 
improving  in  weight  and  strength.  Roentgenogram  (Fig.  23c)  taken 
on  this  date  shows  some  defect  in  the  stomach  shadow  again,  indicat- 
ing recurrence  of  the  growth. 

Remarks. — The  patient  was  lost  sight  of  after  May  21,  1914.  It  is 
thought  that  a  comparison  of  the  roentgenologic  findings  on  different 
dates  and  the  course  of  the  case  under  treatment  with  salvarsan 
makes  the  diagnosis  of  gumma  of  the  stomach  reasonably  certain. 
For  mention  of  other  cases  see  Progressive  Medicine,  December,  1912. 

Case  14.     Mrs.  R.     Age,  42.     Date,  February  4,  1913.     (Fig.  24.) 

History. — Patient  of  Dr.  William  J.  Mallory.  Was  operated  on  in 
1907  for  pelvic  condition.  During  past  seven  or  eight  years  has  had 
attacks  of  indigestion,  at  first  months  of  good  health  intervening, 
but  now  attacks  are  more  frequent.  Attack  comes  on  four  or  more 
hours  after  eating.  The  attack  begins  with  very  severe  pain  in 
middle  of  epigastrium,  always  radiating  toward  left  side.  The  pain 
is  relieved  only  by  morphine.  Vomiting  sometimes  occurs  or  is  in- 
duced, but  does  not  give  relief.  Attacks  are  uninfluenced  by  nature 
of  diet.     Stomach  contents  show  no  blood. 

Roentgenologic  examination. — Stomach  orthotonic  and  shows  no 
evidence  of  any  abnormality.  Small  intestine  and  colon  negative. 
All  plates  show  a  small  shadow,  which  is  believed  to  be  that  of  a 
gallstone. 

Operative  findings. — Operation  by  Dr.  William  C.  Borden,  Feb- 
ruary 5,  1913.  One  small  stone,  oval  in  shape,  removed  from  com- 
mon duct. 

Subsequent  history. — Good  recovery,  and  has  remained  well  to 
present  time,  August  25,  1914. 

Case  15.     Mr.  V.  D.     Age,  62.     Date,  May  11,  1914.     (Fig.  25.) 

History. — Came  under  observation  of  Dr.  William  Mallory  on  April 
30,  1914.  Family  history  without  significance.  No  excesses,  except 
that  he  has  worked  excessively  and  has  eaten  large  amounts  of  coarse 
food.  In  1911  had  an  attack  of  "acute  indigestion,"  from  which  he 
recovered  within  a  few  days.  In  1912,  after  hard  work,  much  worry, 
and  eating  oTily  boiled  vegetables,  suffered  considerable  abdominal 
discomfort  and  lost  weight.  After  treatment  and  diet  he  regained 
lost  weight  and  felt  well.  The  same  condition  recurred  in  summer 
of  1913  and  has  persisted  to  present  time.  He  now  finds  that  cer- 
tain foods,  such  as  tomatoes  and  oranges,  cause  burning  and  eructa- 
tions, relieved  by  soda.  Cold  water  causes  nausea  and  vomiting. 
Tlie  condition  is  giving  him  more  and  more  trouble.  His  stomach 
seems  to  become  full  before  his  appetite  is  satisfied.     Often  has  to 
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leave  table  and  vomit.  Has  slight  choking  sensation  when  he  swal- 
lows. Weight  three  years  ago  was  105;  in  1013  was  155;  April  30, 
1914,  is  135. 

Physical  examination. — Test  breakfast  showed  total  acid  30,  free 
IICl  8,  combined  HCl  14.  Occult  blood  in  gastric  contents.  Four- 
teen hours  after  eating  30  c.  c.  yellow  fluid  obtained  containing  pus, 
blood,  and  epitholiuni. 

Under  medical  treatment  felt  better,  but  continued  to  lose  in 
v/eight.    May  13  weight  was  131  J. 

Roentgenoligic  findings. — Esophagus  negative;  food  passes  into 
stomach  without  unusual  delay  or  deviation.  Stomach  is  very  small 
and  empties  with  unusual  rapidity.  No  peristaltic  waves  are  visible. 
There  is  no  incisura  and  no  defect  in  the  bismuth  shadow  to  suggest 
either  ulcer  or  carcinoma.  The  small  stomach  emptying  very  rapidly 
suggests  infiltration  of  stomach  walls,  possibly  "  linitis  plastica." 

Operative  findings. — May  18,  1914.  Both  walls  of  stomach  were 
free  but  whole  of  lesser  curvature  and  all  of  anterior  surface 
seems  to  be  converted  into  scar  tissue.  The  walls  are  greatly 
thickened.  A  wedge-shaped  piece  down  to  the  mucosa  was  removed 
for  examination.     Nothing  further  was  done. 

Microscopic  findings. — Large  amount  of  connective  tissue  and 
evidence  of  inflammation.    Nothing  to  suggest  malignancy. 

Postoperative,  history. — Made  good  recovery  from  operation. 
Sufferers  from  same  symptoms  as  before.  September  3,  1914,  weighs 
127J  pounds. 

Remarks. — It  is  reasonably  certain  that  this  is  a  case  of  cirrhosis 
of  the  stomach  (linitis  plastica).  It  seems  to  be  the  general  opinion 
that  there  is  a  true  cirrhosis  of  the  stomach  characterized  by  the 
presence  of  much  connective  tissue  and  the  products  of  every  stage 
of  inflammation  and  producing  great  thickening  of  the  stomach  v/alls. 
Many  cases  have  been  described,  however,  with  the  general  appear- 
ance of  this  condition,  but  in  which,  after  prolonged  search,  carcino- 
matous changes  were  found.  It  is  quite  possible  that  examinations 
of  other  areas  in  this  case  would  show  such  changes. 

Case  16.  Mr.  W.  C.  L.  Age,  40.  Date,  February  14,  1913.  (Fig. 
26  and  26a.) 

History. — Came  under  observation  of  Dr.  William  Gerry  Morgan 
on  January  6,  1911.  Acute  inammatory  rheumatism  when  18  or  19 
years  of  age.  Acute  attack  of  appendicitis  when  25.  Double  hernia 
soon  after  this.  Attack  of  acute  abdominal  pain  eight  years  ago 
variously  diagnosed  as  gallstone  colic,  obstruction  of  the  bowels,  and 
appendicitis.  Three  years  ago  had  appendix  removed  and  operations 
on  both  sides  for  radical  cure  of  hernia.  The  operations  gave  no 
relief  to  symptoms  from  which  he  was  suffering.  He  complains 
especially  of  constipation  and  of  pain  in  left  side  of  upper  abdomen 
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about  4  every  afternoon.  Xausea  and  vomiting  when  pain  is  severe. 
Pyrosis  when  stomach  is  empty. 

Physical  examination. — Chest  negative.  Belly  scaphoid.  Double 
hernia  scars.  Decided  tenderness  over  descending  colon  and  sigmoid. 
Splashing  sound  from  ensiform  and  mid  epigastrium.  Free  HCL 
40.  Total  acid,  52.  No  blood  in  stomach  contents.  Occult  blood  in 
feces.     Urine  shoAvs  nothing  abnormal. 

Roentgenologic  examination. — Stomach  orthotonic.  No  incisura. 
No  six-hour  residue.  Marked,  constant  deformity  of  duodenal  cap. 
No  ileal  statis.  No  evidence  of  abnormality  of  the  colon.  Shadow 
on  right  side  believed  to  be  that  of  calculus  in  right  kidney.  Evi- 
dence points  to  adhesions  about  duodenal  cap. 

Operative  findings. — March  1,  1913.  Extensive  adhesions,  involv- 
ing pyloric  end  of  stomach  and  duodenal  cap.  Gall  bladder  not  in- 
volved. A  few  adhesions  also  found  between  descending  colon  and 
sigmoid.  The  adhesions  were  freed  about  the  stomach  and  colon  and 
nothing  else  attempted. 

Postoperative  history. — For  about  six  months  the  patient  remained 
entirely  free  from  symptoms,  ate  well,  and  gained  in  weight.  At  the 
end  of  that  time  symptoms  began  gradually  to  recur,  and  on  April 
19,  1914,  he  was  again  losing  in  weight  and  suffering  as  much  as 
before.  Roentgenologic  examination  at  that  time  showed  again  evi- 
dence of  very  extensive  adhesions  about  the  duodenal  cap. 

Patient  had  stone  removed  from  pelvis  of  right  kidney  early  in 
May.  Made  good  recovery.  Has  gained  in  weight  and  now  (Sept. 
30)  feels  quite  well  except  for  slight  pains  in  right  side. 

Case  IT.     Mr.  T.  D.     Age,  46.     Date,  January  10, 1914.     (Fig.  27.) 

History. — Consulted  Dr.  William  Gerry  Morgan  on  January  10, 
1914.  Has  never  had  any  acute  illness.  Is  nauseated  all  the  time. 
Much  constipated  and  suffers  all  the  time  from  indefinite  feeling  of 
general  abdominal  discomfort.    Lack  of  strength  and  hebetude. 

Physical  examination. — Moderate  tenderness  along  entire  course  of 
colon.  Clinical  diagnosis  is  chronic  colitis  and  constipation.  Lavage 
and  other  medical  treatment  failed  to  relieve. 

Roentgenological  examination. — Small  hypertonic  stomach  high  in 
epigastrium.  Small  six-hour  residue.  No  incisura.  No  filling  de- 
fects. No  deformity  of  cap.  Ileal  stasis  and  filling  defect  in  ter- 
minal portion  of  ileum.  Cecum  is  higher  than  usual  and  markedly 
fixed  in  position.  The  evidence  points  to  presence  of  adhesions  about 
cecum  and  terminal  ileum. 

Operative  findings. — Operation  on  February  10,  1914,  by  Dr. 
George  Tully  Yaughan.  Presence  of  a  typical  Lane's  kink  demon- 
strated. Membrane  causing  it  was  severed.  Appendix  quite  normal, 
but  was  removed. 
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Postoperative  history. — Patient  seen  on  Au^-ust  10,  1014.  Has 
remained  perfeclly  well  to  present  time.  Constipation  relieved;  is 
not  nauseated  and  suffers  no  discomfort  whatever. 

Case  18.    Mr.  R.  B.    Age,  01.    Date,  May  28,  1914.     (Fig.  28.) 

History. — Patient  of  Dr.  Gerry  Mor<ran,  who  first  saw  him  on  May 
29,  1914.  The  patient  says  he  has  suffered  from  stomach  trouble  for 
the  past  30  years.  His  greatest  trouble  is  from  chronic  constipation. 
Tries  every  nleans  to  keep  bowels  open.  Enemas  ineffective.  He  is 
A^ery  restless  at  night,  sleeping  little  after  1  a.  m.  He  complains  par- 
ticularly of  a  grumbling  pain  and  sense  of  fullness  in  the  right  iliac 
region. 

Physical  examination. — Habitus  enteroptoticus.  Chest  negative. 
Abdomen  flat  and  soft.  No  rigidity  of  recti.  No  tenderness  in  right 
iliac  region  nor  in  any  other  part  of  abdomen.  Free  HCl,  40.  Total 
acid,  5G.    No  occult  blood  in  stomach  or  feces. 

Roentgenologic  findings. — Atonic  stomach,  considerably  larger 
than  usual.  Greater  curvature  at  brim  of  true  pelvis  when  patient 
is  erect.  No  incisura  or  defects  of  filling.  Large  six-hour  residue. 
Marked  ileal  stasis  and  defects  of  filling  of  the  last  inch  of  the  ileum. 
The  evidence  points  to  the  presence  of  a  typical  Lane's  kink,  causing 
obstruction  at  the  ileo-cecal  junction. 

This  case  has  not  been  operated.  The  roentgen  findings  are  very 
positive,  and  it  is  thought  that  his  symptoms  are  adequately  ex- 
plained by  the  diagnosis  of  ileac  stasis. 

Case  19.    J.  P.  B.    Age,  34.    Date,  February  1,  1914.     (Fig.  30.) 

History. — Patient  of  Dr.  William  Gerry  Morgan.  First  seen  on 
January  21,  1914.  Every  few  weeks  has  attack  of  severe  pyrosis, 
usually  worse  during  night,  amounting  to  pain,  which  compels  him 
to  get  up  and  w^alk  about.  Vomiting  does  not  relieve.  Pain  is  worse 
a  short  time  after  meals  and  is  confined  to  epigastrium.  Feels  ''  run 
down  "  and  has  no  strength  or  ambition. 

Physical  examination. — Chest  negative.  Abdomen  practically 
negative  except  for  slight  tenderness  over  lower  half  of  epigastrium. 
Free  HCl,  44.  Total  acid,  58.  Occult  blood  found  in  stomach 
contents. 

Roentgenologic  findings. — Stomach  hypertonic.  No  incisura ;  no 
six-hour  residue.  Entire  stomach  lies  unusually  far  to  right.  The 
cap  is  small  and  deformed.  No  ileac  stasis.  The  cecum  is  greatly 
dilated.  There  is  definite  fixation  at  the  hepatic  flexure.  The  evi- 
dence points  to  the  presence  of  adhesions  about  the  duodenal  cap, 
probably  involving  the  gall  bladder  and  to  the  presence  of  adhesions 
or  Jackson's  membrane  about  the  hepatic  flexure. 

Operative  findings. — Operation  by  Dr.  J.  D'Arcy  Magee  on  Febru- 
ary 16,  1914.  Cholecystitis,  with  adhesions  involving  first  part  of 
duodenum.     Extensive   Jackson's  membrane   about   hepatic   flexure 
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and  first  part  of  transverse  colon,  causing  a  sharp  kink.  Adhesions 
were  freed  and  appendix,  which  was  unusually  long  but  not  other- 
wise abnormal,  removed. 

Post-cperative  history. — Made  good  recovery  and  has  had  no  recur- 
rence of  any  abdominal  symptoms.     (Oct.  1,  1914.) 

Case  20.  Mrs.  C.  Age,  52.  Date,  February  3,  1914.  (Figs.  81 
and  31a.) 

Histoinj. — Seventeen  years  ago  right  tube  and  ovary  were  removed. 
Has  had  attacks  of  indigestion  for  eight  years.  Recently  they  have 
been  frequent  and  severe.  The  attack  comes  on  with  severe  pain 
through  upper  part  of  abdomen,  which  becomes  greatly  distended 
with  gas.  Never  vomits.  Obstinate  constipation  for  years.  Diag- 
nosis of  both  gallstones  and  gastric  ulcer  have  been  made  by  different 
physicians.  Physical  examination  shows  some  enlargement  of  left 
ovary,  but  it  is  freely  movable  and  not  tender  to  pressure.  Urine 
shows  no  abnormality.  No  localized  tenderness  at  any  point  over 
abdomen.    Diagnosis  can  not  be  arrived  at  b}^  clinical  means. 

Roentgenological  examination. — February  2,  1914.  Stomach  shows 
no  evidence  of  abnormality.  No  ileal  stasis.  Great  dilatation  of 
cecum  and  hepatic  flexure.  Marked  kink  a  few  inches  distal  to 
hepatic  flexure.  First  part  of  transverse  colon  adherent  to  ascending 
colon  and  cecum. 

Operative  fndings. — Operation  on  February  9,  1914,  by  Dr.  Law- 
son.  Thick  membranous  band  attached  to  transverse  colon  about  4 
inches  distal  to  hepatic  flexure,  stretching  tightly  across  front  of 
ascending  colon  to  be  attached  to  parietes  external  to  ascending  colon. 
This  band  produced  a  sharp  kink,  causing  partial  obstruction  of 
transverse  colon.  Another  smaller  band  extended  from  a  point  on 
the  transverse  colon  to  the  lower  end  of  the  cecum.  These  bands 
were  divided  and  the  colon  was  plicated  by  sewing  two  of  the  longi- 
tudinal bands  together  from  the  cecum  to  the  hepatic  flexure.  Left 
ovary  enlarged.    Was  not  removed. 

Subsequent  history. — Good  recovery.  Patient  has  had  no  attacks 
of  pain  since  the  operation,  and  is  not  constipated.  She  has  re- 
mained well  to  this  date,  August  25,  1914. 

Case  21.  Mrs.  A.  C.  Age,  45.  Date,  November  4,  1913.  (Figs.  32 
and  32a.) 

History. — Came  under  observation  of  Dr.  William  Gerry  Mor- 
gan on  May  2,  1912.  Twelve  years  ago  had  operation  for  "womb 
trouble."  Says  she  was  worse  after  operation,  and  was  again  oper- 
ated three  years  later  for  same  trouble.  This  relieved  her.  For 
several  years  she  has  suffered  from  very  obstinate  constipation.  Gas 
formation  after  eating,  with  excessive  belching.  Appetite  good  when 
bowels  are  open.  Suffers  from  pain  over  entire  abdomen,  especially 
when  constipated.     Pain  has  no  relation  to  eating. 
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Physical  examination. — xVbdominal  examination  is  negative.  Free 
HCl,  48;  total  acid,  G8.  Xo  blood  in  stomach  contents  or  feces. 
Patient  was  given  treatment  over  considerable  periods  of  lavage  of 
colon,  albolene,  etc.,  without  improvement. 

Roentgenological  findings. — Stomach  orthotonic.  No  incisura.  Xo 
filling  defect.  Xo  G-hour  residue  except  small  amount  in  cap.  End 
of  six  hours  practically  all  of  bismuth  meal  is  in  ileum.  End  of  24 
hours  cecum  is  well  filled  and  head  of  column  is  at  splenic  flexure, 
but  there  is  only  a  small  amount  beyond  hepatic  flexure.  Consider- 
able bismuth  in  ileum  end  of  24  hours.  Roentgenogram  after  enema 
shows  cecum  fixed  in  position  on  a  level  with  iliac  crest.  The  lower 
end  is  bent  inward  at  a  right  angle.  This  evidence  points  to  the 
presence  of  extensive  adhesions  about  terminal  ileum  and  cecum,  and 
also  about  hepatic  flexure.  The  residue  in  the  duodenal  cap  and  the 
low  position  of  the  second  portion  of  the  duodenum  suggest  that  the 
duodenum  may  also  be  involved  in  the  adhesions  about  the  hepatic 
flexure. 

Operative  findings. — Operation  on  November  25,  1914,  by  Dr. 
L.  H.  Reicheldcrfer.  Very  extensive  adhesions  involving  cecum, 
hepatic  flexure,  terminal  ileum,  and  also  duodenum  and  gall  bladder. 
Adhesions  caused  angulation  of  lower  end  of  cecum.  The  adhesions 
were  thoroughly  freed. 

Post-operative  tiistorrj. — January  4,  1914.  Patient  made  good 
recovery  from  operation.  Still  has  some  abdominal  pain.  Roent- 
genogram shows  that  there  is  still  some  fixation  of  the  transverse 
colon  at  same  point  as  before  operation. 

August  25^  19 H. — Patient  has  regained  health  almost  completely. 
Still  somewhat  constipated,  but  sufi'ers  practically  no  pain. 

Case  22.     Mr.  Y.  G.  A.     xVge,  38.     Date,  March  13, 1914.     ( Fig.  33. ) 

History. — Patient  of  Dr.  J.  R.  Verbrycke,  whom  he  consulted  on 
February  22,  1914.  Family  history  unimportant.  Xo  other  illness 
except  rheumatism  three  years  ago.  Says  he  has  had  stomach  trouble 
recurrently  for  years.  Complains  principally  of  gas  collecting  and 
pressing  upon  heart.  Dizziness  and  headache.  Pyrosis  when 
stomach  is  empty.  Obstinate  constipation.  Has  occasional  dull 
pains  in  region  of  appendix. 

Physical  examination. — Well-built  man.  Right  rectus  decidedly 
more  tense  than  left.  Well-localized  tenderness  over  ^IcBurney's 
point  only.  Considerable  meteorism.  Urine  normal.  Stool  normal 
except  for  occult  blood,  but  patient  says  his  gums  bleed.  Thirty  c.  c. 
of  stomach  contents  obtained;  normal  appearance;  occult  blood 
faint ;  free  HCl,  50 ;  total  acid,  70.  Hemoglobin,  74  per  cent.  White 
count,  5,900. 
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Roentgenologic  findings. — Stomach  is  orthotonic  and  shows  no 
filling  defects.  No  incisura.  Very  slight  six-hour  residue.  No  de- 
formity of  cap. 

The  ileum  shows  a  marked  narrowing  at  the  ileo-cecal  junction 
and  some  residue  at  end  of  24  hours.  Cecum  movable,  but  adherent 
in  whole  extent  to  transverse  colon,  the  proximal  part  of  the  latter 
extending  vertically  downward  to  loAvermost  part  of  cecum.  Evi- 
dence points  to  presence  of  extensive  adhesions,  involving  terminal 
ileum,  cecum,  and  transverse  colon. 

Operative  findings. — Operation  on  March  16  by  Dr.  H.  H.  Kerr. 
Retrocecal  appendix  bound  down  by  adhesions.  Extensive  Jack- 
son's membrane,  involving  cecum,  ascending  colon,  and  first  part  of 
transverse  colon.  AVhen  this  membrane  was  freed  the  colon  could  be 
seen  to  unfold. 

Post-operative  history. — The  patient  still  suffers  somewhat  from 
constipation,  but  it  is  not  so  bad  as  before  operation.  All  other 
symptoms  have  disappeared. 

Case  23.  Mrs.  H.  L.  Age,  33.  Date,  November  24,  1913.  (Fig. 
34.) 

History. — Came  under  observation  of  Dr.  William  Gerry  Morgan 
on  September  22,  1913.  History  of  recurrent  attacks  of  epigastric 
pain  for  the  past  17  or  18  years.  The  pain  always  begins  from  one- 
half  to  one  hour  after  eating  and  is  sometimes  accompanied  by 
vomiting. 

Physical  examination. — Some  slight  tenderness  over  entire  course 
of  colon;  very  tender  in  right  iliac  region.  Liver  and  spleen  just 
palpable.  Free  HCl,  34.  Total  acid,  52.  No  blood  in  stomach  con- 
tents.    Occult  blood  found  in  feces  on  meat-free  diet. 

The  clinical  evidence  points  to  the  presence  of  gastric  ulcer  and 
appendicitis. 

Roentgenologic  findings. — Stomach  hypotonic.  No  incisura.  No 
deformity  of  cap.  No  six-hour  residue.  No  ileac  stasis.  The 
cecum  is  smaller  than  usual  and  is  fixed  in  a  position  somewhat 
higher  than  common.  There  are  constant  defects  in  the  filling  of  the 
cecum,  which,  taken  with  its  fixation  and  contracted  condition,  point 
to  the  presence  of  extensive  adhesions. 

Operative  findings. — Operation  on  December  2,  1913,  by  Dr.  H.  H. 
Kerr.  There  is  no  evidence  of  abnormalitj^  of  the  stomach.  The 
cecum  is  fixed  high  in  right  iliac  region  and  is  small.  A  strong,  tense 
band  is  attached  to  one  of  the  linea  about  3  inches  above  the  origin 
of  the  the  appendix  and  extends  upward  and  inward  to  be  attached 
to  the  omentum.  At  this  same  level  on  the  cecum  are  many  ad- 
hesions, which  extend  entirely  around  it.  The  cecum  at  this  point 
is  red  and  thickened,  evidently  due  to  a  chronic  inflammation.     The 


ROENTGEN-RAY  DIAGNOSIS.  31 

appendix  appears  entirely  normal,  but  was  removed.     A   few   fine 
cobweb  adhesicjns  about  the  hepatic  flexure  were  fre€»d. 
^       Post-operative  fadings. — The  patient  made  a  rapid  recovery  and 
B  has  remained  entirely  free  from  any  abdominal  symptoms. 
K     Reraarks. — This  case  illustrates  the  well-known  fact  that  symp- 
^■toms  referable  only  to  the  stomach  are  often  caused  by  lesions  else- 
^pwhere  in  the  abdomen.     It  also  emphasizes  the  fact  that  localized 
colitis  is  not  confined  to  the  immediate  re«^ion  of  the  appendix  and  is 
not  uncommon  at  other  points  in  the  colon.     The  value  of  the  roent- 
genologic examination  is  shown  by  the  accurate  localization  of  the 
cause  of  the  stomach  symptons,  which  must  have  been  reflex. 

Case  24.  Mr.  R.  S.  G.  Age,  30.  Date,  May  12,  1914.  (Fig.  35, 
35a,  and  35b.) 

History. — Patient  of  Dr.  Paul  Johnson. 

1907:  "Stomach  trouble"  and  lost  flesh.  Improved  under  treat- 
ment. 

1908 :  Seminal  vesiculitis.  Rectal  massage  with  cure.  A  short  re- 
currence later. 

1911 :  Business   strain,   followed   by   insomnia.     Became   steadily 

worse,  until  very  bad  in  November.     Complexion  became  very  dark 

down  to  clavicles.    Slowly  improved  while  being  treated  by  an  osteo- 
path. 

1912:  Great  mental  fatigue  shortened  day's  work.  Stopped  work 
April  1.  In  May  appetite  was  good  and  there  was  no  constipation. 
Thought  power  much  retarded.  Marked  insomnia.  Sleep  disturbed 
by  unpleasant  dreams. 

Physical  examination  at  that  time  showed  deep  tenderness  over 
region  of  appendix.  In  July  had  two  attacks  on  successive  nights — 
the  first,  nausea  and  vomiting,  without  pain ;  second,  general  abdomi- 
nal pain,  with  distention.  AVas  seen  by  Dr.  Johnson  two  weeks  later, 
when  examination  showed  mass  in  right  iliac  fossa.  Temperature, 
100.4.  Operated  July  30,  1912,  by  Dr.  George  Tully  Yaughan.  Ap- 
pendix vessels  prominent,  otherwise  normal.  Fine  membrane  over 
ascending  colon  and  first  part  of  transverse  colon.  Mass  felt  was 
probably  dilated  cecum.    Appendix  was  removed  and  adhesions  freed. 

January,  1913 :  Patient  has  suffered  from  about  same  symptoms 
since  operation  as  before.  Is  now  obstinately  constipated.  Has  much 
distention  from  gas.  Deep  pressure  over  cecum  causes  great  pain. 
Stool  shows  considerable  mucus.  '*  Rheumatism  "  in  knees  and  back. 
,  Does  not  sleep  well  except  when  bowels  are  thoroughly  open. 
i  The  condition  remained  about  the  same  until  May  12,  1914,  when 
roentgenologic  examination  Avas  made. 

Roentgenologic  findings. — Stomach  hypotonic.  No  incisura.  No 
filling  defects.  No  six-hour  residue.  No  deformity  of  cap.  Bismuth 
remaining  in  ileum  end  of  24  hours.    Head  of  bismuth  column  then 
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at  hepatic  flexure.  End  of  48  hours  most  of  the  bismuth  is  still  in 
the  cecum  and  hepatic  flexure.  Colon  filled  with  enema  shows  dilata- 
tion of  cecum  and  hepatic  flexure.  Fixation  of  proximal  part  of 
transverse  colon  to  descending  colon  and  cecum.  The  evidence  points 
to  the  presence  of  extensive  adhesions,  involving  cecum,  hepatic  flex- 
ure, and  terminal  ileum. 

Operative  findings. — May  22,  1914.  Operation  by  Dr.  C.  S.  "White. 
Dilation  of  cecum  and  hepatic  flexure.  Very  extensive  adhesions, 
causing  fixation  of  proximal  part  of  transverse  colon  to  cecum.  Ter- 
minal ileum  also  involved  in  adhesions.    Adhesions  were  freed. 

Post-operative  history. — September  3,  1914.  Patient  m.ade  good 
recovery  and  his  general  condition  is  much  improved.  He  is  still 
somewhat  constipated,  but  is  improving.  Fluoroscopic  examination 
of  colon  on  this  date  shows  no  evidence  of  fixation  about  cecum  or 
hepatic  flexure. 

Case  25.    Mr.  E.  C.    Age,  IT.    Date,  January  3,  1914.     (Fig.  37.) 

History. — Came  under  observation  of  Dr.  Gerry  Morgan  on  Octo- 
ber 14,  1911.  Complains  principally  of  constipation.  Never  has  a 
natural  movement.  For  past  year  has  had  much  bloating.  Has 
headache  and  dizziness  much  of  the  time.  Feels  weak  all  the  time. 
Passes  much  gas  with  bad  odor.    No  appetite. 

Physical  examination. — Abdomen  scaphoid.  No  rigidity  or  resist- 
ance. No  tender  spots.  Free  acid,  64.  Total  acid,  92.  No  blood  in 
stomach  contents  or  stool.  Was  given  general  treatment  for  consti- 
pation and  kept  under  observation  until  January  3,  1914,  without 
improvement. 

Roentgenologic  findings. — January  3,  1914.  Stomach  findings 
negative.  No  evidence  of  ileac  stasis.  Cecum  greatly  enlarged  and 
freely  movable.  Marked  reduplication  and  fixation  of  the  folds 
about  the  hepatic  flexure.  The  reduplicated  folds  are  movable  en 
masse,  but  can  not  be  separated  from  each  other.  The  evidence  points 
to  cecal  and  colonic  stasis  due  to  ahhesions  and  reduplication  about 
the  hepatic  flexure. 

Operative  -findings. — Operation  January  7,  1914.  Keduplication  at 
hepatic  flexure  caused  by  extensive,  thick  membrane,  probably  in- 
flammatory in  origin,  and  connected  with  the  omentum.  Adhesions 
were  freed. 

Post-operative  history. — Recovered  promptly  and  has  remained 
well.  Daily  stools  without  laxative.  Good  appetite.  He  has  re- 
mained free  to  present  time,  August  26,  1914,  from  all  sj^mptoms 
from  which  he  suffered  before  operation. 

Case  26.  Miss  C.  Age,  35.  Date,  March  10,  1914.  (Figs.  38,  38a, 
and  38b.) 

History. — Underwent  operation  several  years  ago  for  pelvic 
trouble ;  does  not  know  exact  nature.    Since  that  time  she  has  been 
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obstinately  constipated,  and  has  constant  feeling  of  discomfort, 
sometimes  amounting  to  pain,  in  lower  abdomen. 

Physical  examination. — Entirely  negative,  except  for  localized  ten- 
der area  immediately  above  symphysis  pelvis. 

Roentgenolocjic  examination. — No  evidence  of  abnormality  of 
stomach.  No  ileac  stasis.  Cecum  somewhat  enlarged  and  freely 
movable.  Transverse  colon  fixed  at  about  its  middle  at  a  point  low 
in  the  pelvis.  Fixation  could  not  be  determined  by  palpation  in 
front  of  the  fluoroscopic  screen,  because  the  lowest  curve  of  the 
transverse  colon  was  not  accessible  to  manipulation.  The  fact  that 
the  transverse  colon  remained  in  practically  the  same  position  when 
the  patient  was  in  a  high  Trendelenburg  position  as  when  she  was 
horizontal,  gave  good  evidence  of  fixation. 

Operative  findings. — The  middle  part  of  the  transverse  colon  was 
adherent  to  the  sigmoid  flexure  by  numerous  strong  adhesions.  No 
other  abnormality  could  be  found.    The  adhesions  were  freed. 

Post-operative  history. — Patient  made  a  good  recovery  and  has 
shown  considerable  improvement  from  former  symptoms,  but  is  still 
somewhat  constipated. 

Case  27.    B.  J.    Age,  3  years.    Date,  November  25, 1913.     (Fig.  40.) 

History. — Case  of  Dr.  A.  G.  P.  Garnett.  Mother  states  that  the 
child  was  said  to  have  swallowed  a  brass  rivet  during  the  latter  part 
of  September,  1913,  but  the  only  authority  she  had  was  the  state- 
ment of  an  older  child  who  had  been  playing  with  the  patient.  She 
had  noticed  about  that  time  some  difficulty  in  breathing.  About  the 
middle  of  October  the  child  developed  a  painful  swelling  of  the 
glands  of  the  neck  and  at  the  same  time  a  rotation  of  the  head  to 
the  right.  The  child  w^as  then  examined  by  several  physicians, 
including  a  throat  specialist.  An  X-ray  examination  was  also  made, 
but  evidently  only  of  the  chest,  for  nothing  was  found.  The  swell- 
ing in  the  neck  gradually  subsided,  and  one  day,  about  November  1, 
the  patient  was  swallowing  a  piece  of  bread  when  it  clutched  at  its 
throat  and  cried  out.  Immediately  afterwards  it  could  again  turn 
its  head  to  the  front.  Child  continued  to  lose  in  flesh,  still  had 
difficulty  in  breathing,  and  would  swallow  only  liquids.  Was 
treated  by  the  local  physician  for  worms.  Consulted  Dr.  Garnett 
on  November  24. 

Roentgenological  examination. — November  25.  Shadow  of  rivet 
in  upper  part  of  esophagus,  with  base  in  lumen  and  bar  embedded 
in  posterior  wall ;  not  in  breath  passages  as  suspected. 

Operative  findings. — Dr.  Charles  Richardson.  Under  anesthetic 
the  base  of  rivet  could  be  felt  with  tip  of  finger.  Base  gi'asped  wiih 
curved  forceps  and  readily  removed.  Bar  of  rivet  was  bright  while 
62625°— Bull.  7—15 3 
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base  was  green.     Small  amount  of  pus  wiped  out.     Child  made  good 
recovery  and  is  now  in  perfect  health. 

Case  25.  Miss  B.  S.  Age,  9  years.  Date,  November  9,  1913. 
(Figs.  44a  to  g.) 

History. — Case  of  Maj.  Raymond  Metcalfe,  Medical  Corps,  United 
States  Army.  While  skating  to  school  on  this  date  patient  fell  and 
was  unable  to  walk  afterwards.  Pain  in  left  thigh.  No  crepitus 
and  only  slight  increase  in  mobility.  Previous  history  negative, 
except  for  an  infected  vaccination  five  years  ago,  which  left  large 
scar  on  inner  side  of  left  thigh  about  junction  of  middle  and  lower 
thirds. 

Roentgenologic  findings  and  course. — ^Roentgenograms  made  on 
(he  day  of  injury  showed  an  ablique  fracture  of  the  femur  about 
the  junction  of  the  middle  and  lower  thirds,  directly  through  a  rare- 
fied oval  area  in  the  bone.  (Fig.  44.)  Roentgenograms  were  made 
at  intervals  while  the  leg  was  kept  immobilized  for  healing  of  the 
fracture.  On  December  9,  1913,  the  condition  was  as  shown  in 
figure  44a,  a  lateral  view,  in  which  the  cyst  is  well  shown  and  the 
line  of  fracture  plainly  visible  toward  the  anterior  aspect.  Figure 
44b  is  an  antero-posterior  view  taken  the  same  day.  February  9, 
1914,  no  line  of  fracture  could  be  seen;  the  condition  on  that  date 
is  shown  by  figure  44c.  By  comparing  the  appearance  of  the  dis- 
eased bone  with  the  normal  one  it  can  be  seen  that  there  was  consid- 
erable thickening  of  the  shaft  above  and  below  the  cyst.  (A  small 
area  can  be  seen  where  the  cortex  is  destroyed.)  A  diagnosis  was 
then  made  of  osteitis  fibrosa  cystica  by  Dr.  Leary  at  the  Walter  Reed 
General  Hospital. 

Operative  findings. — March  22,  1914.  Operation  was  performed 
by  Dr.  Blooclgood,  who  had  the  case  under  obser^^ation  for  about  a 
month.  The  following  is  Dr.  Bloodgood's  description  of  the  opera- 
tion and  pathological  findings : 

Operative  pathology. — After  exposing  the  femur  it  was  impossible  to  find 
the  cyst  by  palpation;  there  was  no  expansion,  and  no  thinness  of  the  cor- 
tical bone  which  would  allow  parchment  crepitation.  In  the  periosteum  on 
the  medial  or  inner  side  only  there  was  a  point  where  it  was  adherent,  and 
here  I  found  a  small  opening,  like  a  cloaca,  which  admitted  a  probe.  I  then 
chiseled  the  cortical  bone  and  explored  an  area.  The  fat  tissue  of  the  marrow 
showed  relations  to  red  growths.  The  tissue  had  little  white  and  yellow  areas 
in  it  resembling  giant  cell  sarcoma  tissue  and  osteo-fibrosa.  This  tissue  in 
places  was  separated  by  new  bone  formation.  The  healthy  marrow  above 
and  below  was  held  by  new  bone  formation.  I  was  able  to  remove  this  tissue 
with  a  chisel  and  currett,  and  explored  the  healthy  marrow  above  and  below, 
and  leaving  what  appeared  to  bo  new  cortical  bone.  I  treated  the  disease, 
therefore,  with  the  diagnosis  of  a  giant  cell  tumor,  but  the  entire  gross  api)ear- 
ance  suggested  a  healing  bone  cyst.  The  cavity  was  about  the  size  of  an 
adult's  thumb. 
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Dr.  Bloodgood  stated  in  a  letter  to  Maj.  Metcalfe  that  the  micro- 
scopical examination  showed  "evidences  of  a  healing  process  and 
some  giant  cells." 

Roentgenograms  made  on  April  21,  1914,  about  one  month  after 
the  operation  (Fig.  44d),  show  the  cortex  reformed  and  bridges  of 
bone  across  the  cavity.  On  July  28,  1914  (Figs.  44e  and  44f),  there 
is  no  evidence  of  cavity,  but  some  depression  on  the  anterior  surface. 
On  August  28,  1914  (Figs.  44g  and  44h),  the  lesion  has  practically 
disappeared. 

Remarks. — The  diagnosis  of  this  case  as  a  benign  cyst,  with  the 
characteristics  of  osteitis  fibrosa  cystica,  is  established  by  the  patho- 
logical findings  and  the  complete  healing  of  the  lesion. 

Case  29.  Mr.  B.  S.  Age,  23.  Date,  March  31,  1914.  (Figs.  45 
and  45a.) 

History. — Patient  of  Dr.  George  Tully  Vaughan.  Three  years 
ago  had  acute  appendicitis,  with  abscess,  which  was  drained  and 
from  which  he  made  a  good  recovery.  A  few  months  later  had  an 
abscess  just  above  elbow  which  necessitated  currettage  of  bone. 
Remained  in  perfect  health  until  one  year  ago,  when  he  began  to 
have  swelling  above  left  ankle,  accompanied  by  dull  ache.  This  has 
continued  to  present  time.  Left  ankle  is  now  three-fourths  inch 
greater  in  circumference  than  right.  Patient  has  kept  up  an  active 
life,  but  always  has  pain  in  left  leg. 

Roentgenologic  examination. — Small  oval  rarefied  area  about  1 
inch  above  lower  articular  surface  of  tibia,  one-half  inch  from  inner 
surface  and  same  distance  from  posterior  surface.  Some  increased 
density  of  entire  end  of  bone,  probably  due  to  congestion.  Probably 
localized  abscess  (Brodie's  abscess). 

Operative  findings. — Operation  by  Dr.  Yaughan  on  April  1,  1914. 
Localized  abscess  in  location  shown  by  roentgenograms.  It  was 
necessary  to  chisel  through  perfectly  healthy  appearing  bone  to  reach 
it.  Streptococcus  infection.  Patient  made  rapid  recovery,  and  has 
had  no  pain  or  other  symptoms  since. 
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FIG.    1.— ORTHOTONIC    STOMACH. 


FIG.   2.  — HYPERTONIC    STOMACH, 
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FIG.   3.— HYPOTONIC    STOMACH. 


FIG.  4.— ATONIC    STOMACH. 
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FIG.   5.— TYPE    OF    NORMAL    STOMACH     AND    CAP. 


FIG.  6.— TYPE    OF    NORMAL    STOMACH    AND    CAP. 


Bull.  7,  Siirpeon  rionoral,  Army. 


FIG.   7.— TYPE    OF    NORMAL    STOMACH     AND    CAP. 


FIG.   8.— TYPE    OF    NORMAL    STOMACH     AND    CAP. 


Hull.  7,  Siirt^'fon  ('•owm],  Army. 


FIG.  9.— CASE    1.      PERFORATED    GASTRIC    ULCER. 


PIG.   10.— CASE     2.      DEEP      INCISURA      PRODUCING     HOURGLASS 
STOMACH;    CAUSED    BY    ULCER   OF    LESSER   CURVATURE. 


iJiiII.  7,  SiirKooii  fJcnoral,  Army. 


FIG.    11.— CASE     2.      SEVEN     WEEKS     AFTER     OPERATION.      HOUR- 
GLASS   CONTRACTION     IS    MOSTLY    SPASMODIC. 


FIG.  11a.— CASE  2.  SIX  MONTHS  AFTER  OP- 
ERATION. HOURGLASS  CONDITION  PER- 
SISTS. 

The  contraction  on  the  side  of  the  lesser  curvature  is 
now  largely  organic. 


Bull.  7,  Surgeon  General,  Army. 


FIG.    12.— CASE    3.      INCISURA    OPPOSITE    ULCER    OF 
LESSER    CURVATURE. 


FIG.   13.— CASE  4.      INCISURA  OPPOSITE   ULCER  OF   LES- 
SER   CURVATURE. 


.'«l 


Hull.  7,  SiiFKPon  Oonpral,  Army 


FIG.    14.— CASE   5. 


INCISURA   OPPOSITE   ULCER   OF    LES- 
SER   CURVATURE. 


FIG.    15.— CASE  6.      DEFORMITY   OF   STOMACH    DUE  TO 
ADHESIONS     RESULTING     FROM     GASTRIC    ULCER. 


Hull.  7,  Riirpoon  Oeneral,  Army. 


FIG.   17a.— CASE    7.      SIX-HOUR     RESIDUE. 


FIG.    17b.— CASE    8.      AFTER    OPERATION. 


I5iill.  7,  Siir).'<'<)ri  (iciicr.il,  Army. 


FIG.  18.— CASE  8.  CARCINOMA  OF  THE  STOMACH  INVOLVING 
LESSER  CURVATURE.  NOTE  THE  DARK  CIRCULAR  AREAS  LIKE 
"FINGER  PRINTS,"  CAUSED  BY  THE  IRREGULAR  ENCROACH- 
MENT OF  THE  TUMOR  UPON  THE  GASTRIC   LUMEN. 


FIG.    19.— CASE    9.      LARGE    CARCINOMA    OF    PYLORIC     END    OF    STOMACH 


Ijiill.  7,  Surgeon  General,  Army. 


FIG.  20.— CASE  10.     ANNULAR  CARCINOMA  AT   PYLORUS. 


FIG.   21.      CASE      11.      LARGE     CARCINOMA      AT 
PYLORUS. 


Bull.  7,  SurKfon  fipneral,  Army, 


FIG.  22.— CASE  12.  LARGE  INFILTRATING  CAR- 
CINOMA OF  STOMACH.  COILS  OF  SMALL 
INTESTINE  FILLED  WITH  BISMUTH  SHOWS 
THE  EXCEEDINGLY  RAPID  EMPTYING  OF 
STOMACH. 

This  picture  was  taken  within  two  minutes  after 
ingestion  of  the  bisnnuth   nneal. 


FIG.  23.— CASE  13.     OCTOBER  18,  1913.     GUMMA 
OF  STOMACH. 


Bull.  7,  RiirRfion  Tfeneral,  Army 


FIG.   23a.— CASE   13.      DECEMBER  29,   1913. 
ENCROACHMENT    UPON     LUMEN 


SHOWING   INCREASING 
OF    STOMACH. 


FIG.    23b.— CASE    13. 


MARCH     1.     1914. 
SALVARSAN. 


AFTER    TREATMENT    BY 


liiill.  7,  Surgeon  General,  Army. 


FIG.   ^:,t.— CASE   13.      MAY  21,    1914.      SHOWS    INDICATIONS   OF 
RECURRENCE    OF    GROWTH. 


FIG.  24.— CASE    14.      SINGLE    GALLSTONE    IN    COMMON    DUCT. 


liiill.  7,  Piircoon  Conorril,  Armv 


FIG.   25.— CASE   15.      SMALL  STOMACH   OF   LINITIS 
PLASTICA. 


FIG.  26.— CASE  16.      DISTORTION  OF  CAP  CAUSED  BY  ADHESIONS. 


IJiilI.  7,  Siirf,'Con  dcncral,  Army. 


FIG.  26a.— CASE    16.      AFTER    OPERATION. 


FIG.  27.— CASE    ^7.      LANE'S    KINK. 


Bull.  7,  Surgeon  Gonoral,  Army. 


FIG.  28.— CASE  18.     OBSTRUCTION    IN   TERMINAL   ILEUM, 


Hull.  7,  SiirK'Hjn  flenoral,  Army. 


FIG.  29.— ROENTGENOGRAM  ILLUSTRATING  FILL- 
ING OF  SMALL  INTESTINE  WITH  BARIUM 
ENEMA. 


FIG.  30.— CASE  19.  JACKSON'S  MEMBRANE 
CAUSING  PARTIAL  OBSTRUCTION  JUST  DIS- 
TAL TO  HEPATIC  FLEXURE  AND  RESULTING 
IN  DILATATION  OF  HEPATIC  FLEXURE  AND 
CECUM. 


Hull.  7,  Siir;.'<'"n  ('•(•tu-r<i\,  .\r' 


FIG.  31.— CASE  20.  ADH  ESIONS  CAUSI  NG  KINK- 
ING AND  FIXATION  OF  POINTS  ON  TRANS- 
VERSE COLON  RESULTING  IN  DILATATION 
OF    HEPATIC    FLEXURE    AND    CECUM. 

Note    the    spastic    condition    and     redundancy    of   the 
descending  colon. 
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FIG.  31a.— CASE  20.  SAME  CASE  AS  FIG.  31  AF- 
TER OPERATION.  CECUM  AND  HEPATIC 
FLEXURE    REDUCED    TO    NORMAL    SIZE. 

Colon  redundant  but  there  is  no  unusual  fixation  of  any 
of  the  coils. 


Hull.  7,  Sur(.'^ori  ';<ri<r;il,  Army. 


FIG.  32.— CASE  21.  FIXATION  OF  CECUM  WITH 
ANGULATION  OF  LOWER  END.  FIXATION  OF 
TRANSVERSE  COLON  JUST  DISTAL  TO  HE- 
PATIC FLEXURE  CAUSING  PARTIAL  OBSTRUC- 
TION. 


FIG.   32a.— CASE    21.      AFTER    OPERATION. 


Hull.  7,  Siirpoon  Gonfml,  Army 


FIG.  33.— CASE  22.  ADH  ESIONS  OF  PROXI  M  AL 
PORTION  TRANSVERSE  COLON  TO  WHOLE 
EXTENT  OF  ASCENDING  COLON  AN  D  C  ECU  M. 


FIG.  34.— CASE  23.  CONTRACTION  AND  DE- 
FORMITY OF  CECUM  DUE  TO  ADHESIONS  OF 
INFLAMMATORY    ORIGIN. 


Hull.  7,  SuFKOon  (U-ucr.A,  Army. 
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FIG.  35.— CASE  24.  ADH  ESIONS  CAUSING  FIX- 
ATION OF  TRANSVERSE  COLON  TO  WHOLE 
EXTENT  OF  DESCENDING  COLON  AND  CE- 
CUM. 


FIG.   35a.— CASE  24.     TWENTY-FOUR    HOURS   AF- 
TER   INGESTION    OF    BISMUTH     MEAL. 

Some   bismuth   still   in   the  ileum. 


liiill.  7,  Surgeon  rjeneral,  Army, 
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FIG.   35b.— CASE  24.      FORTY-EIGHT  HOU  RS  A  F- 
TER    INGESTION    OF    BISMUTH     MEAL. 

Much  of  the  bismuth   meal  is  still  in  the  cecum  and 
the   hepatic  flexure. 


FIG.   36.— PRESSURE  OF   LARGE  TUMOR  (CYSTIC 
KIDNEY)    UPON     HEPATIC    FLEXURE    COLON. 


Hull.  7,  SiirL'oon  riciioral.  Arrny. 


FIG.  37.— CASE  25.  REDUPLICATION  AND  FIXA- 
TION OF  FOLDS  OF  COLON  CAUSING  PARTIAL 
OBSTRUCTION    NEAR    HEPATIC    FLEXURE. 


FIG.  38.— CASE  26.     TRANSVERSE  COLON  ADHERENT  TO  SIGMOI  D.      PRONE 

POSITION. 


Bull.  7,  Siirt'cou  'IciktuI,  Army. 
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FIG.   38a.— CASE    26.      ERECT    POSITION. 
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FIG.  38b.— CASE  26.     TRENDELENBURG  POSITION. 
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Bull.  7,  Siir^eon  dpneral.  Army 


FIG.  39.— OBSTRUCTION  AT  CARDIAC  END 
OF  STOMACH  WITH  DILATATION  OF 
ESOPHAGUS. 

Patient  died  of  pulmonary  tuberculosis  about  9 
months  after  this   picture  was  made. 


FIG.  40.— CASE    27.      BRASS    RIVET     IN     UPPER    END    OF    ESOPHA- 
GUS.     BAR    OF    RIVET    EMBEDDED    IN    SOFT    TISSUES. 


Hull.  7,  SuFKOon  fJciionil,  Army. 


FIG.  41.— PORCELAIN-HEADED  PIN  IN  GASTRO- 
INTESTINAL TRACT,  PROBABLY  IN  UPPER 
PART  OF  SMALL  INTESTINE.  NO  SYMP- 
TOMS. 

Was  swallowed  8  days  before  roentgenogram  was  made. 


FIG.   42.  — LONG    SIGMOID    ADHERENT    TO     DE- 
SCENDING   COLON. 


T'.iill.  7,  SliirKPon  flonoral,  Army, 


FIG.   43.— APPEARANCE    OF   COLON    IN    SPASTIC 
CONSTIPATION,   AFTER    BISMUTH     MEAL. 


FIG.  44.— CASE  28.      NOVEM  BER  11 .  1 9i  3.     OBLIQUE 
FRACTURE    THROUGH    CYST    OF    FEMUR. 


IJiilI.  7,  Siirfroon  f.'onoral,  Army. 


FIG.   44a.— CASE  28.     DECEMBER  9,   1913.     LATERAL  VIEW.     FRACTURE   SHOWS 

BELOW    THE    CYST. 


FIG.   44b.— CASE    28.      DECEMBER    9,    1913.      ANTEROPOSTERIOR    VIEW. 


Bull.  7,  SiirK<'on  (ioncral.  Arrriv 


FIG.   44c.— CASE    28.      FEBRUARY   9,    1914.      BEFORE  OPERATION. 

Notice  the  thickening  of  the  shaft  above  and  below  the  cyst  as  compared 
with    bone  of  other  leg. 


FIG.  44d.— CASE   28.      APRIL   21.    1914.      FOUR    WEEKS    AFTER    OPERATION. 
Notice  shell  of  bone  along  outer  edge  and   bridges  across  the  cavity. 


Bull.  7,  Surgeon  Ccnoral,  Army, 


FIG.    44e.— CASE    28.     JULY    28.     1914.      LATERAL 
VIEW. 


FIG.   44f.— CASE     28.     JULY     28.     1914.      ANTERO- 
POSTERIOR   VIEW. 


BnH.  7,  Riirppon  Oenoral,  Army 


FIG.   44g.— CASE  28.      AUGUST  28,  1  914.      LATERAL 
VIEW. 

There  is  now  no  evidence  of  the  cyst  and  a  very  slight 
depression  at  site  of  operation. 


FIG.  44h.— CASE  28.      AUGUST  28,  1  91  4.      ANTERO- 
POSTERIOR   VIEW. 


I'.iill.  7,  Surgeon  General,  Army. 


FIG.   45.— CASE 


LEFT 


FIG.   45a.- 


-CASE    29. 
TIBIA. 


BRODIE'S    ABSCESS.    LEFT 
LATERAL    VIEW. 
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INTRODUCTION. 

The  Wassermann  reaction  has  l)een  used  continuously  as  an  aid  in 
the  diagnosis  of  syphilis  in  the  Army  since  1909.  As  a  result,  nuich 
information  has  been  obtained  both  with  regard  to  the  technicjue 
unci  interpretation  of  the  Wassermann  reaction  and  with  regard  to 
the  nature  of  syphilis.  Bulletin  Xo.  3,  Office  of  the  Surgeon  Gen- 
eral, United  States  Army,  entitled  "  Studies  of  Syphilis,"  by  Capt. 
Charles  F.  Craig,  Medical  Corps,  and  Capt.  Henry  J.  Nichols,  Medi- 
cal Corps,  presents  some  of  the  experience  so  obtained,  and  deals 
with  a  number  of  diverse  aspects  of  the  subject  of  syphilis,  including 
the  diagnosis  of  syphilis  by  the  Wassermann  reaction;  the  inter- 
pretation of  this  test;  the  influence  of  treatment  with  salvarsan 
upon  the  Wassermann  reaction;  nervous  relapses;  the  standard  for 
cure ;  and  other  questions  relating  to  the  study  of  syphilis. 

It  occurred  to  the  writer  that,  since  the  technique  and  inter- 
pretation of  the  Wassermann  reaction  had  been  placed  on  such  a 
firm  basis,  it  w^ould  be  instructive  to  apply  this  very  efficient  instru- 
ment for  the  acquisition  of  information  as  to  the  prevalence  of 
syphilis  in  the  Army.  This  has  been  done  by  means  of  a  series  of 
Wassermann  surveys,  and  the  results  of  this  work  are  given  in  this 
bulletin. 

Necessarily  the  cooperation  of  a  number  of  medical  officers  was 
essential  for  the  successful  performance  of  this  task.  Many  have 
assisted  in  the  collection  of  blood  specimens  and  data,  and  I  havft 
endeavored  to  mention  these  officers  in  the  proper  place.  I  am  much 
indebted  to  these  officers  for  the  performance  of  this  tedious  and 
uninteresting  work. 

That  this  work  has  been  possible  at  all  is  due  to  Surg.  Gen.  AVil- 
liam  C.  Gorgas  and  to  INIaj.  William  J.  L.  Lyster,  Medical  Corps,  of 
the  Office  of  the  Surgeon  General.  Unless  one  has  undertaken  work 
of  this  character,  it  is  difficult  to  realize  the  number  of  objections 
that  can  be  urged  against  it  and  the  annoying  complications  that  pre- 
vent the  collection  of  blood  specimens  and  data.  It  has  required  no 
little  time  and  effort  on  the  part  of  Gen.  Gorgas  and  Maj.  Lyster 
to  remove  these  difficulties,  and  I  desire  here  to  express  my  hearty 
appreciation  of  the  interest  they  have  taken  in  this  work. 

Some  remarks  may  be  useful  in  explaining  the  method  pursued. 
The  purpose  of  the  investigation  was -to  determine  the  prevalence  and 
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6  PREVALENCE   OF   SYPHILIS   IX    THE   AEMY. 

distribution  of  syphilis  in  the  Army.  A  complete  syphilitic  survey 
of  the  entire  Army — i.  e.,  a  study  of  every  man  in  the  Army — was, 
of  course,  impossible,  nor  was  it  necessary.  While  the  incidence  of 
syphilis  varies  considerably  in  the  different  classes  in  a  community, 
the  Army  is  much  more  homogeneous  than  any  civilian  community, 
and  is  much  more  readily  considered  as  a  whole.  Still  differences, 
of  course,  do  occur,  conditioned  chiefly  upon  race,  rank,  and  length 
of  service.  It  was  therefore  decided  to  approach  the  subject  by 
studying  groups,  which  for  convenience  may  be  classified  as  follows : 

1.  Those  just  entering  the  service.  This  group  is  considered  in 
part  1,  and  includes  both  the  enlisted  and  the  commissioned 
personnel. 

2.  Those  who  have  been  in  the  service  some  time.  This  group  con- 
sists entirely  of  enlisted  men,  since  it  was  impracticable  to  secure 
a  survey  of  commissioned  officers.  The  whites,  negroes,  and  Porto 
Ricans  were  studied  separately.  It  would  have  been  most  interesting 
if  the  Philippine  Scouts  could  have  been  included  in  this  study,  but 
this  was  omitted  because  of  the  difficulty  of  obtaining  a  survey  on 
men  at  such  a  great  distance. 

3.  Those  who  have  recently  left  the  service.  This  group  is  sub- 
divided, depending  upon  the  method  by  which  the  men  became  sep- 
arated from  the  service.  This  is  a  natural  classification,  since  it 
would  be  suspected  that  syphilis  would  be  more  prevalent  among 
soldiers  discharged  on  certificates  of  disability  for  insanity  than 
among  those  honorably  discharged  at  the  expiration  of  their  term 
of  enlistment.  It  is  unfortunate  that  no  survey  of  the  latter  is  ob- 
tainable, since  it  is  naturally  impossible  to  continue  observation  of 
these  men  after  they  have  left  the  service.  This  group  is,  therefore, 
limited  to  enlisted  men  that  have  been  sent  to  one  of  the  Government 
institutions  after  discharge.  However,  an  attempt  to  determine  the 
prevalence  of  syphilis  among  honorably  discharged  soldiers  as  com- 
pared with  these  other  groups  has  been  made  by  means  of  a  study  of 
the  syphilitic  registers  of  all  discharged  soldiers. 

In  order  to  avoid  the  fallacies  inherent  in  the  consideration  of  a 
small  number  of  cases  it  was  intended  that  each  group  should  con- 
sist of  1,000  men.  This  was  a  convenient  number,  large  enough  to 
avoid  error,  and  not  too  large  to  become  a  matter  of  burdensome  and 
useless  accumulation  of  statistics.  The  results  obtained  by  making 
differential  leucocyte  counts  illustrates  this  point.  If  several  ob- 
servers each  count  100  cells,  the  differences  on  a  percentage  basis  will 
be  considerable.  If  they  each  count  200.  this  error  is  greatly  reduced  :  if 
they  each  count  500,  there  is  never  any  essential  difference,  and  if  they 
each  count  1,000,  the  percentages  will  commonly  agree  down  to  the 
second  decimal.  Any  counting  beyond  this  number  is  an  unnecessary 
refinement,  and,  indeed,  for  practical  purposes  of  diagnosis,  more 
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than  500  cells  are  seldom  counted.  It  was,  therefore,  believed  thnt 
it  woidd  be  (jiiite  fair  to  estimate  the  percentage  of  syphilis  in  a  cer- 
tain group  by  taking  1,000  men  at  random  from  that  group,  and  that 
the  percentage  in  any  other  thousand  men  from  the  same  group 
would  not  diller  markedly  from  the  thousand  studied. 

As  a  matter  of  fact,  while  1,000  men  was  thus  the  unit  always 
sought  for,  in  a  few  cases  more  than  a  thousand  men  were  obtained, 
wdiile  in  other  cases,  for  various  reasons  which  it  is  unnecessary  to 
detail,  1,000  could  not  be  obtained,  and  it  was  necessary  to  use  the 
number  that  could  be  secured. 

In  endeavoring  to  determine  the  amount  of  syphilis  in  the  groups 
studied,  we  have  depended  chiefly  upon  Wassermann  surveys, 
although  whenever  possible  these  surveys  have  been  reenforced  by 
the  clinical  examination.  The  efficiency  of  the  Wassermann  reaction 
as  we  have  used  it  in  detecting  syphilis  should  therefore  be  discussed. 

The  accuracy  and  efficiency  of  the  Wassermann  reaction  depend 
upon  two  factors  —  the  person  performing  the  reaction  and  the 
method  used.  It  is  therefore  proper  to  state  that  all  of  the  reactions 
reported  in  this  bulletin  were  performed  personally  by  the  writer 
W'ith  the  assistance  of  Sergt.  Frederick  G.  Abner,  Hospital  Corps, 
and  I  wish  to  take  this  occasion  to  express  my  appreciaticm  of  the 
hard  and  faithful  work  that  Sergt.  Abner  has  contributed  to  this 
piece  of  work. 

Throughout  all  the  work  w^e  have  used  the  modification  of  the 
original  Wassermann  reaction  described  by  Craig  in  Bulletin  No.  3, 
page  72.  Since  the  technique  has  been  very  fully  described  in  that 
bulletin,  it  is  only  necessary  to  state  here  that  it  differs  from  the 
original  Wassermann  reaction  in  the  use  of  a  human  ha^molytic 
system  in  place  of  a  sheep  hsemolytic  system,  and  in  a  proportional 
reduction  in  the  quantities  of  reagents  used. 

After  a  fair  amount  of  experience  w^ith  the  original  Wassermann 
system  and  Craig's  modification,  it  is  my  belief  that  the  selection  of  a 
ha^molytic  system  is  chiefly  a  matter  of  convenience,  and  that  either 
system  works  equally  w^ell  when  properly  controlled.  As  a  matter 
of  fact,  however,  the  use  of  the  human  system  obviates  the  necessity 
for  making  elaborate  controls  to  determine  the  presence  of  natural 
sheep  amboceptor  in  the  sera  to  be  tested,  and  is  therefore  more  con- 
venient on  that  account,  and,  further,  human  blood  is  very  readily 
obtained  in  this  laboratory  while  sheep  blood  is  only  procured  with 
the  greatest  difficulty. 

I  Avish  to  emphasize  here  the  necessity  for  titrating  the  comple- 
ment prior  to  performing  the  test.  Boas  (1)  stated  recently  "that 
great  variations  in  the  strength  of  complement  are  not  so  common 
as  is  often  stated.  In  the  investigation  of  m(u*e  than  100  guinea-pig 
sera  I  have  found  variations  of  only  0.07-0.04  c.  c.  in  the  smallest 


8  PREVALENCE    OF   SYPHILIS   IN    THE   ARMY. 

complete  hsemolytic  dose.  In  most  cases  the  smallest  complete  hsemo- 
lytic  dose  was  0.05  c.  c."  Again,  Kaplan  (2),  who  at  any  rate  makes 
no  mention  of  the  titration  of  the  complement,  makes  the  statement 
that  the  activity  of  the  hsemolytic  amboceptor  varied  from  day  to 
day  with  the  barometric  pressure.  A  much  more  probable  explana- 
tion of  this  variation  consists  in  the  variation  in  the  complement 
which  so  many  observers  have  noticed,  and  which  was  apparently 
used  in  a  fixed  dose  without  titration.  This  point  is  mentioned  be- 
cause we  have  met  with  great  variations  in  the  strength  of  the  com- 
plement from  different  guinea  pigs  and  even  between  the  pooled  com- 
plements from  several  guinea  pigs.  It  is  a  matter  of  surprise,  there- 
fore, that  so  many  workers  have  used  complement  without  titration, 
and  one  is  impressed  by  the  fact  that  the  AVassermann  reaction  must 
actually  be  a  test  of  most  surprising  merit  in  order  to  have  survived 
all  the  clumsy  technique  that  has  been  perpetrated  in  its  name.  It 
is  needless  to  state  that  the  complement  has  invariably  been  titrated 
in  this  laboratory,  and  used  in  the  quantity  indicated  by  the  titration. 

The  efficiency  or  inefficiency  of  the  Wassermann  reaction  in  detect- 
ing syphilis  depends  chiefly  upon  the  antigen  used.  We  have  used 
as  antigen  an  alcoholic  extract  of  human  heart  fortified  with  OA 
per  cent  cholesterin,  and  this  has  been  our  only  variation  from  the 
technique  described  by  Craig  (loc.  cit),  who  at  that  time  used  an  al- 
coholic extract  of  syphilitic  foetal  liver.  Without  entering  into  a  de- 
tailed discussion  of  the  relative  merits  of  different  antigens,  it  will 
be  sufficient  to  state  here  that  I  believe  that  while  certain  extracts  of 
syphilitic  foetal  liver  may  be  very  efficient,  yet  these  extracts  vary 
greatly  in  antigenic  power,  some  of  them  being  comparatively  weak. 
In  our  experience  this  has  rarely  been  the  case  with  the  extracts  of 
human  heart  fortified  with  cholesterin.  This  antigen  appears  to  be 
more  uniform  in  its  ability  to  fix  complement  in  the  presence  of 
syphilitic  antibodies,  whatever  they  may  be,  than  any  other  antigen 
we  have  tried.  It  comes  nearer,  therefore,  to  being  a  standard  anti- 
gen than  anything  else  at  our  disposal  at  present,  and  for  that  rea- 
son has  been  used  in  all  tests  reported  here.  It  goes  without  saying 
that  controls  have  always  been  used,  consisting  of  anticomplementary 
controls  for  each  serum  tested,  anticomplementary  controls  of  the 
antigen  alone,  and  the  antigen  has  also  been  tested  each  da}^  with 
known  positive  and  negative  sera. 

The  question  of  nonspecific  fixation  with  this  antigen  at  once  arises. 
Thomas  and  Ivy  (3)  have  recently  criticized  the  use  of  this  an- 
tigen, stating  that  "we  must  conclude  that  with  cholesterinized 
antigens  varying  degrees  of  inhibition  of  ha^nolysis  may  be  obtained 
in  serums  from  man}^  conditions  other  than  syphilis  and  in  normal 
persons." 
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However,  these  workers  themselves  are  to  be  criticized,  since  in 
the  tests  by  which  they  condemned  this  antigen  they  used  a  hiemo- 
lytic  system  containing  only  one  unit  of  complement  and  hji'molytic 
aml)oceptor  instead  of  the  two  units  almost  universally  used  by  other 
workers.  It  appears  to  be  generally  accepted  that  it  is  desirable  to 
use  two  units  of  complement  and  amboceptor  in  the  performance 
of  the  Wassermann  reaction.  But  even  if  this  were  not  the  case  it 
is  manifestly  unfair  to  the  antigen  and  to  the  workers  who  intro- 
duced it  to  condemn  the  antigen  by  tests  conducted  with  such  a  radi- 
cal modificati(m  of  techni(iue. 

On  the  other  hand,  this  antigen  has  been  highly  praised  by  such 
workers  as  Mcintosh  and  Fildes  (4),  Walker  and  Swift  (5),  Thomp- 
son (6),  Field  (7)  (8),  Walker  (9),  Kolmer  and  Schamberg  (10), 
and  others. 

Cornwall  (11)  has  recently  studied  the  efficiency  of  cholesterinized 
antigens  as  compared  with  other  antigens  in  a  series  of  1,500  tests, 
and  concludes  that  cholesterinized  antigens  are  superior  to  simple 
alcoholic  tissue  extracts  and  acetone  insoluble  lipoidal  antigens  for 
the  detection  of  syphilis  in  any  stage.  With  the  cholesterinized  an- 
tigens 11  per  cent  more  positive  results  are  obtained. 

It  is,  however,  more  to  the  point  to  investigate  the  actual  results 
obtained  from  the  use  of  this  antigen  in  the  Wassermann  reaction  as 
performed  in  these  tests. 

Fortunately  several  good  checks  on  the  accuracy  of  the  results  of 
these  surveys  are  at  hand.  In  the  first  place,  while  this  survey  work 
was  being  performed,  on  each  day  a  number  of  routine  tests  were 
also  performed.  Since  a  brief  history  is  sent  in  for  each  of  these 
cases,  we  are  able  to  state  just  what  the  AVassermann  reaction  in  our 
hands  has  been  doing.  Thus  during  the  year  ended  June  30,  lOl-l^ 
the  total  number  of  Wassermann  tests  made  in  this  laboratory  has 
been  7,914,  of  which  2,590  were  reexaminations  for  confirmation  or 
to  control  the  result  of  treatment,  3.o*2G  were  survey  cases  included 
in  this  report,  and  1,998  were  examinations  of  new  cases.  Of  the 
latter,  949  were  of  syphilis  or  suspected  syphilis  and  1,049  were  from 
cases  suffering  with  diseases  other  than  ryphilis.  The  following 
table  shows  the  actual  results  obtained  in  the  949  cases  of  syphilis  or 
suspected  syphilis: 

Table  I. 


Stage  of  disease. 


Primary 

SecoiKlar}-... 

Tertiary 

Latent 

Not  classified 

Total.. 


Number 
of  cases. 

Positive. 

Negative. 

242 

ITS 

64 

310 

2So 

25 

263 

227 

36 

114 

92 

22 

20 

16 

4 

949 

79S 

151  1 

Per  cent 
positive. 


,o.oo 
91.93 
i<}.  31 
SO.  70 
80.00 


S4.09 


10 


PKEVALE2^CE    OF   SYPHILIS   IX   THE   AEMY. 


With  regard  to  the  1,049  examinations  of  cases  suffering  from 
other  diseases,  it  should  be  stated  that  among  all  of  these  tests  there 
were  only  4  double  plus  reactions.  Two  of  these  were  from  cases 
of  diabetes;  1  was  from  a  long-standing  case  of  necrosis  of  the 
vertebra?,  probably  tubercular,  and  in  whom  syphilis  was  not  prob- 
ably present,  though  it  could  not  be  definite!}^  excluded.  One  case 
was  in  a  normal  individual  in  whose  case  sj^philis  could  certainly  be 
excluded.  This  last  reaction  was  probably  due  to  an  error  in  tech- 
nique. But  counting  all  four  reactions  as  false  positives,  it  is  seen 
that  at  most  they  only  amount  to  0.4  per  cent  out  of  more  than  a 
thousand  examinations.  Plus  and  plus  minus  reactions,  particularly 
the  latter,  are  of  much  less  significance.  Plus  reactions  were  returned 
in  about  1.1  per  cent  of  these  1,049  cases,  and  10.1  per  cent  gave  a  plus 
minus  reaction. 

Another  excellent  check  on  the  reaction  in  primary  syphilis  was 
obtained  from  a  series  of  chancres  studied  in  conjunction  with  Capt. 
Nichols,  Medical  Corps.  Capt.  Nichols  made  a  dark-field  examina- 
tion for  Treponema  pallidum,  took  the  blood,  and  the  AVassermann 
was  made  by  the  writer,  usually  without  any  knowledge  as  to  the 
nature  of  the  case.  The  results  in  31  chancres  so  studied  are  shown 
in  the  following  table.  It  may  be  remarked  that  a  positive  Wasser- 
mann  was  never  returned  in  any  case  in  which  subsequent  investiga- 
tion did  not  show  that  the  sore  was  a  chancre.  In  the  two  cases  in 
which  both  the  Wassermann  and  the  dark-field  examination  failed, 
the  diagnosis  was  made  by  the  subsequent  appearance  of  secondaries. 


Duration  of  sore. 


2  days.. 

3  days.. 
7  days.. 
7  days.. 
10  days. 
2  weeks . 

2  weeks. 

3  weeks. 
3  weeks. 
3  weeks. 
1  month 
1  week . 

1  week . , 

2  weeks. 

3  weeks. 
1  month 


Dark 

Wasser-   i 

field. 

mann. 

+ 



+ 

— 

+ 

— 

+ 

— 

+ 

+ 

~         1 

-f- 

+ 

+  -       , 

+ 

+ 

— 

+ 

— 

— 

-f-  -f- 

— 

-1- 

— 

-1-  + 

'       — 

+ 

1       ~ 

+  +      M 

h 

Duration  of  sore. 


1  month.. 

7  days 

9  days 

14  days.... 

15  days.... 
1  month.. 
1  month.. 
1  month.. 
1  month.. 
1  month.. 

1  month.. 
IS  months 

2  months. 
1  month.. 
1  month.. 


Dark 

Wasser- 

neld. 

mann. 

,    , 

-f-  + 

+ 

+  -1- 

-f- 

+ 

+ 

+ 

+ 

-1- 

+ 

+  + 

+ 

+ 

+ 

+  + 

+ 

+  + 

+ 

+  + 

-f- 

+  + 

-1- 

+  + 

+ 

+  + 

This  series  of  31  chancres  consists  of  cases  taken  just  as  they  came 
and  affords  a  good  illustration  of  the  ease  and  certainty  with  which 
the  diagnosis  of  primary  syphilis  may  be  usually  made  when  both 
dark  field  and  Wass?rmann  are  used.  Also  how  one  frequently  fails 
where  the  other  is  positive.  ^lany  of  these  were  typical  chancres 
clinically,  but  many  of  them  were  atypical  and  would  have  passed 
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for  chancroids.  This  is  particuhirly  true  of  the  two  cases  in  whit  h 
a  diagnosis  was  not  made.  These  sores  were  clinically  more  like 
chancroids.  The  Wassermann  being  negative,  and  search  having 
failed  to  show  spirocha'tes,  the  cases  were  diagnosed  chancroids,  and, 
much  to  our  chagrin,  both  returned  with  secondary  sy))hilis.  This 
points  the  moral  that  if  a  dark-fiehl  examination  is  negative,  it. shoidd 
be  repeated  several  times  before  chancre  is  excluded. 

However,  the  reason  for  introducing  this  series  at  this  point  is  to 
show  that  of  31  chancres  taken  just  as  they  came,  a  positive  Wasser- 
mann was  secured  in  18,  or  58  per  cent.  If  all  cases  of  less  duration 
than  one  week  were  excluded,  this  percentage  wcndd  be  higher.  This 
series  of  cases  corroborates  the  figures  already  given  with  regard  to 
the  efficiency  of  the  Wassermann  reaction  as  performed  in  this  lab- 
oratory. 

A  further  index  of  the  efficiency  and  accuracy  of  these  tests  is 
afforded  in  a  series  of  parallel  tests,  in  which  the  Wassermann  re- 
action was  performed  independently  by  this  laboratory,  by  the  lab- 
Loratory  of  the  Post-Cxraduate  Medical  School  in  New  York,  and  by 
'the  laboratory  of  the  New  York  Board  of  Health.     Thus,  in  a  series 
^of  500  tests,  all  three  laboratories  gave  the  same  report  in  209  cases, 
►f  these  299,  215  were  negative  reactions,  1  was  a  1  +,  1  was  a  2  +, 
[and  84  w^ere  4  +  reactions.     There  were,  therefore,  201  sera  in  which 
[differences  were  reported.     Of  these  201  sera,  166  consisted  of  dif- 
[ferences  in  the  degree  of  reaction  in  known  syphilitics  (-| — f-  in  one 
laboratory,  +  +  +  in  another,  or  +  +  +  in  one  laboratory  and 
f+  +  +  +  in  another),  or  in  treated  cases   (-}-  in  one  laboratory, 

[-| — \-  in  another,  etc.),  or  in  negative  cases  (-| in  one  laboratory. 

in  another,  etc.).  These  variations  in  the  degree  of  the  reaction 
[■were  too  slight  to  mislead  the  clinician  who  has  had  experience 
[enough  with  the  reaction  to  interpret  it  correctly. 

This  leaves  34  cases  out  of  the  500  in  which  a  material  discrepancy 
[occurred.  Of  these  there  were  9  cases  in  which  the  clinicial  data 
[obtainable  is  insufficient  to  determine  which  laboratory  gave  the 
'correct  report.    The  remaining  cases  may  be  classified  as  follows: 

1.  Army   laboratory  negative;   history   positive  and    (l).one  other  hiboratory 

positive.    Five  cases.     (2)  Both  other  hiboratories  positive.     Five  cases. 

2.  Army  laboratory   positive;   history  nej;ative  an<l    (1)    one  other  laboratory 

nosj^ative.     None.     (2)   Two  other  laboratories  uepitive.     Five  eases. 

3.  Army  laboratory   positive;   history  positive  and    (1)    one  other  laboratory 

nepitive.     Three  cases.     (2)   Two  other  laboratories  neirative.     Two  cases. 

4.  Army  laboratory  negative;   history  negative  and    (1)   one  other  laboratory 

positive.     Five  eases.     (2)  Two  other  laboratories  positive.     One  case. 

From  the  present  point  of  vicAv  failure  of  the  Army  laboratory  to 
detect  syphilis  is  of  little  importance.  But  it  woidd  bo  a  serious 
matter  if  a  large  number  of  false  positives  were  reported.     It  will 
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be  seen  from  the  above  that  the  positive  reactions  in  supposed  nega- 
tive cases  were  about  equally  distributed  among  the  different  labora- 
tories, and  that  so  far  as  the  Army  is  concerned  there  are  only  5 
such  cases  out  of  the  500.  It  is  possible  that  if  these  cases  were  care- 
fully investigated  it  would  be  found  that  these  cases  may  in  reality 
have  had  syphilis,  possibly  hereditary,  and  that  these  reactions  are 
not  actually  false  positives.  At  the  Avorst  there  are  only  5  out  of  500, 
or  1  per  cent,  of  false  positives  recorded  in  these  comparative  tests. 
While  such  a  percentage  of  false  positives  is  worthy  of  considera- 
tion in  making  the  diagnosis  on  an  individual  case,  it  can  not 
seriously  affect  the  accuracy  of  the  survey  work  reported  in  this 
bulletin. 

From  all  of  the  foregoing  facts  we  draw  the  following  conclusions : 

1.  That  antigens  consisting  of  cholesterinized  extracts  of  human 
heart  do  not  give  more  false  positives  than  any  other  antigens  when 
used  with  the  proper  technique. 

2.  That  the  Wassermann  reaction  as  it  is  performed  in  this  labora- 
tory is  sufficiently  exact  to  give  trustworthy  results  in  survey  work, 
and  that  therefore  the  statistics  presented  in  this  bulletin  may  be 
considered  reliable. 

The  interpretation  of  the  readings  of  this  Wassermann  reaction 
must  still  be  discussed.  Such  an  interpretation  for  purposes  of  diag- 
nosis has  been  given  very  fully  by  Capt.  Craig  in  Bulletin  Xo.  3, 
page  39,  but  it  is  necessary  to  discuss  the  value  to  be  attached  to  the 
various  readings  in  this  survey  work. 

The  double  plus  reaction. — One  thousand  and  forty-nine  cases  suf- 
ering  from  other  diseases  than  syphilis  gave  only  four  false  positive 
reactions  (double  plus),  or  less  than  0.4  per  cent.  AVhile  this  pos- 
sibility of  error  must  always  be  taken  into  consideration  in  making 
the  diagnosis  in  an  individual  case,  in  this  survey  work  this  error  is 
too  small  to  be  of  importance.  We  may,  therefore,  assume  that  in 
these  surveys  all  men  giving  a  double  plus  reaction  are  syphilitic. 

Some  may  take  exception  to  this  view.  Thus  some  authorities 
take  the  view  that  a  positive  Wassermann  (double  plus),  in  the  ab- 
sence of  clinical  symptoms  of  syphilis,  can  be  ignored,  since  they  do 
not  believe  that  it  indicates  the  existence  of  syphilis. 

This  attitude  was  illustrated  in  a  case  in  which  the  Wassermann 
was  performed  in  this  laboratory  and  a  double  plus  returned.  The 
patient  denied  syphilis;  was  a  person  of  excellent  reputation  who 
liad  l)eon  married  man}^  years  and  Avas  the  father  of  several  pre- 
sumably healthy  children.  This  patient  went  to  a  well-lniown  der- 
matologist in  Xew  York,  vrho  gave  him  a  physical  examination  and 
stated  that  he  might  have  a  positive  AVassermann  but  he  did  not  have 
syphilis.     It  must  be  a  gi*eat  assistance  in  diagnosis  to  possess  such 
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omniscience.  The  absurdity  of  declaring  that  any  individual  has  not 
syphilis  on  the  basis  of  a  physical  examination  should  be  apparent 
to  anyone,  since  the  spirocha'tes  may  and  frequently  do  lie  dormant 
for  years,  notably  in  the  aorta,  the  brain,  and  the  cord.  As  a  matter 
of  fact,  the  Wassermann  was  repeated  on  several  occasions  in  this 
patient,  was  always  double  plus,  and  within  a  few  years  he  has  de- 
veloped a  serious  heart  lesion  with  failure  of  compensation,  but  so 
far  as  known  has  refused  specific  medication  because  he  will  not  be- 
lieve that  he  has  syphilis. 

The  man  who  invariably  assumes  that  a  double  plus  Wassermann 

idoes  not  mean  syphilis  simply  because  there  are  at  present  no  clinical 

jigns  of  the  disease,  and  refuses  to  treat  the  patient,  is  assuming  a 

leavy  burden  of  responsibility  for  the  aneurisms,  paresis,  tabes,  and 

>ther  syphilitic  lesions  that  will  develop  later. 

t  It  is  to  be  understood  that  no  claim  is  being  made  here  that  everj/ 
jase  presenting  a  double  plus  Wassermann  is  to  be  diagnosed  as 
syphilis  and  so  treated.  Here,  as  elsewhere  in  the  practice  of  medi- 
cine, some  judgment  is  necessary.  The  reliability  of  the  laboratory 
returning  the  reaction  should  be  considered.  It  is  also  to  be  remem- 
)ered   that  no  claims   are  made   to-day   for  the  specificity  of  the 

Wassermann  reaction  and  that  no  one  denies  that  there  may  be  some 
substances  in  certain  patients'  sera  that  will  give  a  double  ])lus 
'eaction  aside  from  those  resulting  from  a  syphilitic  infection.  The 
louble  plus  reactions  that  are  sometimes  obtained  from  diabetics  in 

hose  blood  acidosis  is  present  in  a  case  in  point.  However,  such 
instances  are  fortunately  rare  and  are  usually  transitory,  so  that 
mch  false  positives,  as  well  as  those  resulting  from  errors  in  tech- 
lique,  as  a  rule  can  be  eliminated  by  repeated  examinations.  There- 
Fore  in  all  such  doubtful  cases  in  which  the  diagnosis  is  to  be  made 
>n  the  double  plus  Wassermann  alone  it  is  necessary  to  insist  that  the 
reaction  should  be  repeated  on  several  occasions.  The  serum  should 
ilso  be  titrated  in  order  to  determine  its  strength.  There  is  a  great 
lifference  in  double  plus  reactions.  One-tenth  of  a  cubic  centimeter 
>f  some  sera  is  required  to  give  a  double  plus  reaction,  while  one- 
bhousandth  of  a  cubic  centimeter  of  another  serum  may  be  sufficient 
to  give  a  double  plus  reaction.  There  would  be  little  hesitation  in 
naking  a  diagnosis  of  svphilis  in  the  latter  case  whether  clinical 

^mptoms  of  syphilis  were  present  or  not.  There  might  be  doubt 
in  the  former  case.  This  question  of  the  titration  of  double  plus 
sera  will  be  considered  at  greater  length  later. 

Experience  indicates  that  the  great  majority  of  all  patients  in  whom 
the  Wassermann  reaction  is  i:)ersistently  double  plus  are  syphilitic, 
and' that  fewer  mistakes  will  be  made  by  treating  all  such  cases  for 
syphilis  than  will  be  made  by  refusing  to  treat  all  such  crises  be- 
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cause  they  do  not  happen  to  present  clinical  symptoms  or  manifesta- 
tions that  can  be  detected  at  the  time  the  examination  is  made. 

Still  other  authorities  take  the  position  that  a  positive  Wasser- 
mann  (double  plus)  does  not  necessarily  mean  that  the  patient  has 
syphilis  at  present,  but  that  he  has  had  syphilis  at  some  time  in  the 
past.     Thus  Marshall  (12)  says: 

It  seems  more  probable  that  the  biochemical  changes  which  cause  the 
reaction,  tliough  originally  due  to  the  action  of  spirochaetes,  may  continue  in- 
dependently of  the  presence  of  these  organisms. 

Again,  Marshall  says  (loc.  cit.,  p.  56)  : 

Further,  if  we  accept  the  most  recent  explanations  of  the  nature  of  the 
reaction,  a  positive  result  does  not  necessarily  show  the  presence  of  active 
sjT^)hilis,  for  according  to  the  lipoid  theory  the  reaction  is  due  to  tissue  changes, 
which  may  persist  after  the  spirochsetes  are  dead.  As  Candler  remarks,  "A 
positive  serum  reaction  merely  indicates  that  the  patient  has  had  syphilis." 

It  is  natural  that  clinicians  who  used  to  assert  that  they  cured 
syphilis  with  two  years  of  mercury  should  adopt  such  opinions,  for 
it  is  the  onh^  refuge  from  the  conclusion  that  few  patients  who  had 
syphilis  ever  were  cured.  But  this  view  is  regarded  not  only  as 
incorrect  but  as  highly  dangerous  to  the  patient.  For,  admitting 
at  once  that  the  Wassermann  reaction  is  not  specific  in  any  sense  of 
the  word,  but  is  a  reaction  between  certain  lipoids  and  the  lipotropic 
substances  in  the  blood  of  syphilitics,  it  must  also  be  admitted  that, 
barring  the  very  small  percentage  of  false  positive  reactions,  these 
lipotropic  substances  are  present  in  the  blood  of  syphilitics  as  the 
result  of  the  action  of  spirochnetes  upon  the  tissues  of  the  patient. 
The  statement  that  "  a  positive  Wassermann  merely  indicates  that 
the  patient  has  had  syphilis"  is  based  upon  the  assumption  that 
these  lipotropic  substances  may  remain  in  a  patient's  serum  for  a 
long  time  after  the  spirocha?tes  that  produced  them  are  dead.  From 
the  standpoint  of  the  proper  treatment  of  the  patient,  this  would  be 
a  risky  assumption,  even  if  the  known  facts  favored  this  assumption. 
The  facts,  however,  do  quite  the  reverse. 

It  has  long  been  known  that  syphilis  confers  no  lasting  immunity, 
as  shown  by  repeated  cases  of  reinfection  after  cure.  Immune  bodies 
or  lipotropic  substances  can  not  be  demonstrated  in  the  blood  of 
patients  who  conform  to  the  usual  standards  of  cured  cases.  Still 
more  important  is  the  fact  that  has  now  been  demonstrated,  that  the 
AVassermann  reaction  disappears  from  the  blood  from  the  second  to 
the  fourth  week  after  the  administration  of  a  sufficient  dosage  of 
salvarsan  in  the  great  majority  of  cases.  This  indicates  clearly  that 
the  lipotropic  substances  in  the  blood  do  not  remain  in  the  circula- 
tion long  after  the  spirochaetes  that  produced  them  are  killed. 
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The  apparent  exceptions  to  this  rule,  who  in  spite  of  such  treat- 
ment still  retain  a  positive  AVassermann,  almost  invariably  suffer  a 
clinical  relapse  if  followed  for  a  sufiicient  length  of  time.  From 
these  considerations  it  is  ai)parent  that  the  only  safe  rule  for  the 
patient  is  to  assume  that  a  positive  Wassermann  (double  plus)  indi- 
cates the  presence  of  living  .^pirochaetes,  i.  e.,  syphilis,  which  may  be 
latent  clinically,  but  which  remains  capable  of  further  develop- 
ment and  the  production  of  syphilitic  lesions  at  any  time  favorable 
for  the  development  of  the  organisms. 

To  man\"  these  remarks  will  appear  rather  platitudinous,  but,  as 
illustrated  by  the  quotations  previously  given,  sy})hilographers  are 
by  no  means  imanimous  on  this  point,  and  its  discussion  is  neces- 
sary to  indicate  the  value  that  is  to  be  attached  to  the  double  plus 
Wassermann  reaction  in  these  surveys. 

We  must  further  make  the  point  that  in  counting  all  double  plus 
reactions  as  syphilis  the  error  is  on  the  side  of  conservatism,  sinco 
the  figures  given  in  Table  I  indicate  that  the  Wasermann  reaction  is 
only  positive  (counting  both  double  plus  and  plus  reactions)  in  84.09 
per  cent  of  cases. 

The  plus  reaction, — Our  figures  show  that  plus  reactions  are  re- 
turned in  about  1  per  cent  of  nonsyphilitic  cases.  On  the  other  hand, 
the  plus  reaction  is  very  commonly  found  in  cases  of  undoubted 
syphilis.  It  is  naturally  quite  common  in  the  early  stages  of  primary 
syphilis.  Capt.  Craig  (loc.  cit.,  p.  41)  found  that  a  plus  reaction  is 
observed  in  about  15  per  cent  of  cases  in  the  secondary  stage  of 
syphilis,  even  when  very  active  symptoms  are  present.  A  still  higher 
percentage  of  patients  in  the  tertiar}^  stage  give  only  a  plus  reaction. 
From  all  of  these  facts  it  is  apparent  that  while  in  an  individual  case 
a  diagnosis  of  syphilis  should  never  be  made  on  a  plus  reaction  except 
in  the  presence  of  a  confirmatory  history  or  clinical  condition,  yet  in 
this  survey  work  it  is  probable  that  the  great  majority  of  plus  reac- 
tions returned  indicate  the  presence  of  a  syphilitic  infection.  In 
order  to  be  on  the  safe  side,  however,  these  plus  cases  have  never  been 
called  undoubted  syphilitics.  But  in  esfimctting  the  amount  of 
syphilis  probably  present  in  a  given  group  the  plus  reactions  have  in 
all  cases  been  included.  It  is  important,  therefore,  in  reading  the 
following  papers  to  bear  in  mind  the  distinction  between  the  statistics 
given  for  undoubted  syphilis  and  the  probable  amount  of  syphilis. 

The  plus  minus  reaction  is  very  common  in  early  primary,  later 
tertiary,  and  so-called  latent  syphilis.  Since,  however,  about  10  per 
cent  of  diseases  other  than  syphilis  may  also  give  a  plus  minus  reac- 
tion, the  presence  of  this  reaction  has  been  ignored  in  estimating  the 
amount  of  syphilis  in  all  groups  studied. 
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The  negative  reaction. — In  this  survey  work  the  negative  reaction 
has  been  accepted  at  its  face  vakie.  It  is,  however,  universally  ac- 
cepted that  syphilis  can  not  be  excluded  on  the  basis  of  a  single  nega- 
tive Wassermann  reaction,  and,  as  shown  by  Table  I,  about  15  per 
cent  of  known  syphilitics  give  either  a  plus  minus  or  a  negative 
Wassermann. 

The  method  used  in  estimating  the  amount  of  syphilis  used  in  all 
these  surveys  should  now  be  considered.  The  number  of  undoubted 
syphilitics  in  any  group  examined  has  been  determined  as  follows: 
The  number  of  men  that  have  actually  been  diagnosed  as  syphilitic 
and  have  received  treatment  for  that  disease  is  first  ascertained. 
Where  possible,  such  information  was  obtained  by  securing  a  list 
of  the  men  carried  on  the  syphilitic  registers.  A  AVassermann  sur- 
vey is  then  made  on  all  the  remaining  men  of  the  group.  The  total 
of  all  the  men  carried  on  the  sick  report'  for  sjqohilis  and  all  double 
plus  reactions  obtained  from  the  Wassermann  survey  is  used  to  indi- 
cate the  number  of  undoubted  syphilitics  in  the  group  studied.  There 
can  be  no  criticism  of  this  use  of  the  men  carried  on  the  s^^philitic 
registers,  for  it  Avill  be  admitted  that  men  are  not  diagnosed,  treated, 
and  carried  on  the  register  in  the  service  until  the  diagnosis  is  made 
certain.  Study  of  the  syphilitic  registers  on  file  in  this  office  indicates 
that  only  a  small  percentage  of  these  treated  cases  can  be  considered 
cured.  This  use  of  the  cases  giving  a  double  plus  Wassermann  has 
already  been  fully  discussed.  For  these  reasons  it  is  believed  that 
the  figures  given  in  these  surveys  for  undoubted  syphilitics  can  be 
accepted  as  accurate. 

The  estimate  of  the  number  of  prohahle  syphilitics  has  been  made 
in  all  cases  by  adding  to  the  undoubted  syphilitics  all  cases  giving  a 
plus  Wassermann.  It  will  be  remembered  that  a  plus  reaction  is 
only  to  be  considered  diagnostic  of  syphilis  in  the  presence  of  a  con- 
firmator}^  history  or  of  undoubted  physical  signs  of  syphilis.  As  a 
matter  of  fact,  however,  it  has  been  found  from  an  experience  of 
several  thousand  cases,  in  which  the  reaction  has  been  checked  by  the 
history,  that  the  great  majority  of  cases  giving  a  plus  reaction  will 
on  careful  examination  be  found  to  present  either  a  history  or 
physical  signs  indicating  syphilis.  In  other  woi'ds.  the  majority  of 
phis  reactions  are  obtained  from  syphilitics.  While,  therefore,  in 
the  individual  case  we  would  not  be  justified  in  making  a  diagnosis 
of  sy])hilis  on  a  plus  reaction  alone,  yet  we  are  justified  in  estiniating 
that  these  ]ilus  cases  are  ]U'obably  syphilitic  in  this  survey  work. 

For,  although  all  of  these  cases  are  certainly  not  syphilitic,  it  is 
ohvious  that  many  cases  of  syphilis  are  missed  because  they  have 
given  a  i)lus  minus  or  negative  reaction.  Considering  this  fact,  it  is 
believed  that  it  would  not  exceed  the  truth  if  all  cases  giving  either 
a  double  plus  or  a  plus  reaction  were  counted  as  undoubted  syphilitics 
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in  tliis  survey  work.  It  is  certainly  within  safe  limits  when  these 
plus  cases  are  only  estimated  as  probable  syphilitics.  In  some  of  the 
foIl()\viri<i^  studies  where  the  more  or  less  complete  clinical  histories 
of  the  uicn  cxjiuiined  have  been  available  comparison  is  made  be- 
tween this  method  of  estimatin^jj  the  percentage  of  syphilis  ami  the 
percentage  obtained  when  the  clinical  history  is  available  in  addition 
to  the  Wassermann. 

Attenti(m  is  particularly  invited  to  these  comparisons,  since  in 
each  case  they  indicate  that  an  estimate  nuide  on  the  basis  of  the 
double  plus  and  plus  Wassermann  reactions  is  in  close  accord  with 
the  facts. 

In  conclusion,  it  may  be  stated  that  no  one  can  see  the  inadequacy 
and  imperfections  of  this  work  more  clearly  than  the  writer.  In 
order  to  make  an  accurate  determination  of  the  prevalence  of  syphilis, 
a  careful  clinical  examination  should  be  made  of  every  case,  and  the 
Wassermann  interpreted  in  the  light  of  such  findings.  This,  of 
course,  was  an  impossible  standard  with  the  necessary  limitations 
under  which  this  work  has  been  performed.  As  a  result  it  is  iui- 
possible  to  state  in  any  of  the  following  surveys  the  exact  percentage 
of  syphilitics.  What  has  actually  been  done  is  to  indicate  a  certain 
[percentage  that  may  be  considered  to  be  undoubtedly  syphilitic,  and 
to  make  an  estimate,  based  on  the  Wassermann  reaction,  of  the  total 
number  of  syphilitics.  The  reader  should  therefore  keep  clearly  in 
mind  the  distinction  between  the  actual  number  of  syphilitics  de- 
tected and  the  estimated  number  of  men  probably  syphilitic. 

If  any  excuse  is  necessary  for  the  incomplete  nature  of  the  work, 
it  may  be  found  in  the  almost  insuperable  difficulties  of  such  an  in- 
vestigation, which  practically  preclude  the  systematic  examination 
of  any  large  body  of  the  population  for  syphilis.  This  work,  which 
includes  approximately  10,000  Wassermann  reactions,  all  made  in 
the  deliberate  attempt  to  determine  the  prevalence  of  svphilis,  may 
at  least  be  said  to  afford  a  better  idea  of  the  prevalence  of  syphilis 
in  the  Army  than  any  previous  work.  The  practical  iuiportance  of 
Ithe  subject  would  indicate  that  this  work  should  be  continued  and 
extended  as  recommended  in  the  concluding  papers  of  this  bulletin. 
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Part  I. 

THE  PREVALENCE  OF  SYPHILIS  AMONG   MEN  JUST  ENTERING 

THE  SERVICE. 

J  HE  rUEVALENCE  OF  SYPHILIS  AMONG  ACCEPTED  KECRUITS  FOR  THE  UNITED 
STATES  ARMY,  AS  SHOWN  BY  A  WASSERMANN  SURVEY. 

In  any  attempt  to  consider  the  prevalence  and  prevention  of 
venereal  diseases  in  the  Army  it  is  a  matter  of  importance  to  know 
what  pro})ortion  of  the  total  number  of  cases  have  been  acquired  by 
the  recruit  before  he  leaves  civil  life  and  how  many  cases  are  acquired 
by  the  men  w^hile  actually  in  the  service.  Venereal  prophylaxis  has 
now  become  the  order  of  the  day,  and  for  several  years  the  sick 
reports  have  been  scrutinized  to  observe  the  effect  of  this  measure. 
It  is  clear,  however,  that  the  number  of  men  on  sick  report  from 
venereal  disease  w^ould  necessarily  remain  high,  in  spite  of  a  material 
reduction  in  the  number  of  infections  acquired  during  military 
service,  if  a  very  considerable  proportion  of  these  cases  were  acquired 
prior  to  enlistment. 

We  have  never  had  any  exact  information  on  this  point,  but  from 
time  to  time  medical  officers  have  expressed  the  opinion  that  much 
of  the  syphilis  in  the  Army  was  contracted  by  the  recruit  prior  to 
his  enlistment.    Thus  Howard^  states: 

Jefferson  Barracks  is  one  of  the  larger  recruit  depots,  and  has  a  continu- 
ally changing  personnel.  Nearly  10,000  recruits  pass  through  the  depot  during 
the  year.  A  majority  of  admissions  for  venereal  disease  at  Jefferson  Bar- 
racks during  the  past  year  have  been  due  to  infections  contracted  prior  to  enlist- 
ment or  before  arrival  at  the  post. 

In  the  physical  examinations  to  which  each  recruit  is  subjected 
prior  to  his  enlistment  an  attempt  is  naturally  made  to  exclude  those 
suffering  from  venereal  disease,  and  a  considerable  number  of  men 
are  actually  so  rejected.  According  to  the  present  system  a  young 
man  presents  himself  to  a  recruiting  officer  in  some  city.  He  is  given 
a  preliminary  physical  examination  by  the  recruiting  officer,  who 
rejects  him  if  he  presents  obvious  physical  defects,  including  clear 
evidence  of  recent  venereal  disease.  Having  passed  this  examina- 
tion, the  candidate  is  sent  to  the  nearest  recruit  depot,  where  he  is 
subjected  to  a  thorough  physical  examination  by  a  medical  officer. 

1  Maj.  Deano  C.  Howard,  M.  C.  Venereal  Prophylaxis  in  Armies.  Bulletin  No.  2,  Sur- 
geon General  of  the  Army,  p.  41. 
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We  will  have  reason  later  to  consider  the  exact  amount  of  venereal 
disease  excluded  by  these  examinations,  but  for  the  present  we  will 
be  satisfied  with  the  statement  that  a  very  large  number  of  venereal 
diseases  are  detected  and  eliminated  by  this  procedure. 

But  both  gonorrhea  an.l  syphilis,  particularly  the  latter,  are  prone 
to  become  latent.  If  a  man  has  no  sore  or  scar  on  his  penis  and  no 
physical  signs  of  active  syphilis  he  may  easily  be  enlisted  while 
suffering  from  this  latent  syphilis.  Indeed,  he  may  even  be  in  the 
active  secondary  stage,  the  symptoms  being  temporarily  obscured  by 
treatment.  The  officer,  who  has  conducted  this  physical  examination 
with  the  greatest  care,  will  perhaps  be  inclined  to  insist  that  while, 
of  course,  an  occasional  case  of  syphilis  may  "  get  by  "  him,  yet  the 
total  number  of  such  cases  can  not  be  large.  On  the  other  hand  is 
the  experience  of  numerous  other  officers,  who,  like  Maj.  Howard, 
have  found  that  a  large  part  of  the  syphilis  in  the  Army  is  contracted 
prior  to  enlistment. 

The  present  study  was  undertaken  to  obtain  information  on  this 
very  important  point.  This  survey  is  also  interesting  in  that  it 
affords  evidence  as  to  the  amount  of  syphilis  among  this  class  of  men 
in  civil  life.  While  the  men  here  surveyed  are  accepted  recruits,  they 
differ  in  no  respect  from  other  young  men  in  this  walk  of  life  except 
that  they  have  already  passed  two  physical  examinations,  in  the 
course  of  which  a  certain  amount  of  venereal  disease  has  been 
eliminated. 

In  order  to  avoid  including  cases  of  syphilis  contracted  after  en- 
listment, no  men  were  taken  for  this  examination  who  had  been 
enlisted  more  than  a  w^eek ;  this  also  excluded  all  reenlistments.  Any 
attempt  to  select  cases  was  avoided  by  taking  all  accepted  recruits 
just  as  they  came.  Since  it  might  be  supposed  that  the  percentage  of 
syphilis  would  vary  in  different  parts  of  the  country,  two  series  of 
men  were  taken  from  two  different  recruit  depots.  The  first  of 
these.  Fort  Slocum,  is  situated  near  New  York,  and  receives  chiefly 
those  recruits  obtained  from  New  York  City  and  vicinity.  The  sec- 
ond, Columbus  Barracks,  is  located  at  Columbus,  Ohio,  and  the  men 
sent  here  come  largely  from  the  country  and  small  towns  in  the 
Middle  West  and  South. 

The  surgeons  in  charge  of  these  depots  were  directed  by  the  Sur- 
ir(Hn\  (leneral  to  take  blood  specimens  from  every  man  accepted  and 
enlisted  less  than  a  week  until  500  had  been  taken.  The  bloods  were 
collected  in  Wright  capsules  in  accordance  with  the  technique  used 
in  the  Army  to  collect  blood  for  the  Wassermann  reaction,  and  these 
specimens  were  at  once  mailed  to  the  Army  Medical  School,  Wash- 
ington. D.  C.  The  Wassermann  was  performed  in  all  cases  on  the 
day  following  the  receipt  of  the  specimens.  The  specimens  were, 
therefore,  in  no  case  more  than  a  day  in  transit  and  almost  all  were 
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received  in  good  condition.  The  few  that  were  spoiled  in  transit 
were  thrown  out,  and  fresh  suitable  specimens  were  obtained. 

The  results  of  the  Wassermann  reaction  on  these  men  may  be  seen 
in  the  following  table: 

From  this  it  will  be  seen  that  79  men,  or  7.75  per  cent  of  the  total 
numl)er  of  recruits  examined,  give  a  double-plus  reaction.  In  ac- 
cordance Avith  the  method  discussed  in  the  introduction,  the.se  men 
are  classed  as  undoubted  syphilitics.  It  is,  of  course,  obvious  that 
there  are  none  among  this  group  diagnosed  as  syphilis. 

Ninety-two,  or  1).02  per  cent  of  the  total  number  examined,  gave 
a  plus  reaction.  These  cases  when  added  to  the  double-plus  reac- 
tions  aiford   the   estimate   of   probable   syphilitics   as   indicated   in 

Table  II. 

Table  II. 


Total 
examined. 

+  + 

+                      +  - 

- 

Place. 

Num- 
ber. 

Per 

cent. 

Num- 
ber. 

Per 
cent. 

Num- 
ber. 

Per 
cent. 

Num- 
ber. 

Per 
cent. 

Fort  Slocum             

500 
519 

35 
44 

7.00 

8.48 

48 
44 

9.60 

8.48 

54 
52 

10.80 
10.01 

363 
379 

72.60 

Columbus  Barracks 

73.02 

Total 

1,019 

79 

7.75 

92 

9.02 

106 

10.40 

742 

72.81 

Place. 

Number 
examined. 

Known 
syphi- 
litics. 

+  -!- 
Wasserman. 

Total 
undoubted 
syphilitics. 

+ 
Wasserman. 

Estimated 

probable 

sj-philitics. 

Num- 
ber. 

Per 
cent. 

Num- 
ber. 

Per 
cent. 

Num-     Per 
ber.      cent. 

Num- 
ber. 

Per 
cent. 

Fort  Sl(»cum 

500 
519 

0 
0 

35 
44 

7.00 
8.48 

35 
44 

7.00 

8.48 

1 
48        9.60 
44         8.48 

S3 

88 

16.60 

Columbus  Barracks. . . 

16.96 

Total 

1,019                 0 

79 

7.75 

79         7. 7.«i 

92        9.02       iTl 

16.77 

A  noteworthy  point  brought  cut  by  these  tables  is  the  fact  that 
there  is  so  little  variation  in  the  results  from  tAvo  such  widely  sepa- 
rated points  as  Fort  Slocum  and  Columbus  Barracks.  In  the  foi-mer 
case  recruits  are  largely  secured  from  Xew  York  and  the  vicinity, 
while  in  the  latter  case  recruits  are  largely  obtained  from  the  coun- 
try. It  may  possibl}'^  be  deduced  from  this  that  the  prevalence  of 
syphilis  does  not  vary  greatly  in  different  parts  of  the  country, 
although,  of  course,  it  varies  considerably  in  the  different  classes  of 
society.  If  this  is  true,  it  is  most  important,  since  it  indicates  that 
the  figures  obtained  in  this  survey  may  be  considered  to  be  approxi- 
matel}^  correct  for  other  parts  of  the  country,  and  therefore  that  de- 
ductions based  on  these  figures  are  generally  applicable. 

Since  man}^  may  think  these  figures  too  high,  it  will  be  well  to 
make  a  comparison  at  this  point.     By  turning  to  the  survey  on  the 
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inmates  of  the  Soldiers'  Home  it  will  be  seen  that  by  adding  the 
double  plus  and  plus  Wassermann  reactions  we  found  22.1  per  cent 
to  be  syphilitic.  Now,  when  the  Wassermann  reaction  was  considered 
in  connection  with  the  clinical  history  and  only  the  plus  cases  in 
which  confirmator}^  evidence  was  found  were  considered  syphilitic 
but  the  negative  and  plus  minus  cases  giving  a  clear  history  of 
syphilis  Avere  added  we  found  that  25  per  cent  were  syphilitic. 

It  is  clear,  therefore,  that  we  do  not  exaggerate  the  amount  of 
syphilis  among  these  recruits  when  we  estimate  probable  syphilitics 
on  the  basis  of  the  total  double  plus  and  plus  reactions.  On  the  con- 
trary, this  estimate  is  probably  too  low,  since  in  this  case  it  has  been 
impossible  to  add  any  know^n  syphilitics  to  these  figures. 

However,  estimated  in  accordance  with  Table  II,  we  have  found 
16.77  per  cent  of  the  1,019  accepted  recruits  to  be  probably  syphilitic. 
This  is  a  truly  astonishing  state  of  affairs.  It  is  quite  remarkable 
that  after  two  physical  examinations  there  should  remain  so  many 
men  with  undetected  syphilis.  This  fact  alone  is  eloquent  testimony 
as  to  the  nature  of  the  disease  and  affords  food  for  thought  for  those 
medical  men  who  think  that  syphilis  is  a  skin  disease,  and  that  when 
there  are  no  obvious  eruptions  or  other  gross  lesions  that  the  disease 
has  not  been  present  or  is  cured. 

We  have  known  several  instances  of  medical  men  giving  a  certifi- 
cate to  the  effect  that  a  certain  patient  did  not  have  syphilis  after  a 
simple  physical  examination.  The  worthlessness  of  such  evidence  in 
the  face  of  the  fact  that  16.77  per  cent  of  recruits  examined  have 
either  a  double  plus  (++)  or  plus  (-[-)  Wassermann  reaction,  but 
no  symptoms  of  syphilis  that  are  detected  by  that  examination,  is 
apparent.  Of  course  it  is  easy  to  say  that  the  physical  examination 
given  by  the  medical  officers  was  not  sufficiently  careful.  This  criti- 
cism, however,  will  not  hold  water.  The  physical  examination  given 
the  recruits  for  the  Army  is  very  tliorough,  and  the  medical  officers 
who  conduct  it  are,  with  fcAv  exceptions,  skilled  in  the  technique  of 
physical  examination  to  a  far  greater  degree  than  most  physicians. 
Let  us  concede  that  a  few  cases  of  syphilis  are  overlooked  which 
ought  to  be  recognized.  This  is  only  to  admit  the  usual  percentage 
of  error  to  which  all  human  performances  are  susceptible.  Neither 
carelessness  in  the  examination  nor  this  human  factor  of  error  will 
account  for  16  per  cent  of  syphilitics  admitted  to  the  Army.  It  is 
clear  that  the  bulk  of  these  cases  are  unrecognizable  by  the  present 
examination. 

Another  point  to  be  considered  is  the  influx  of  this  amount  of 
syi^hilis  on  the  sick  report  of  the  Army.  If  16  per  cent  of  the  recruits 
of  the  Ai'my  are  syphilitic — and  there  is  no  reason  to  suppose  that 
there  was  more  syphilis  among  this  thousand  men  examined  than 


PREVALENCE    OF    SYPHILIS   IN    THE    ARMY. 


23 


iiinong  the  many  thousands  taken  in  each  year — then  in  every  post 
of  1,000  men  there  are  H)0  men  who  were  already  infected  with 
syphilis  at  the  time  they  entered  the  Army.  Our  sick  report  has 
l)cen  a  re])roa('h  for  many  years,  in  that  we  have  had  a  hi^^hcr  admis- 
sion rate  and  more  men  constantly  on  sick  report  because  of  venereal 
diseases  than  any  other  army  in  the  world.  It  is  now  clear  that,  so 
far  as  syphilis  is  concerned,  this  hi^h  percentage  of  cases  is  largely 
due  to  cases  contracted  by  the  recruits  before  leaving  civil  life  and 
that  the  Army  itself  can  no  longer  be  held  responsible  for  this  condi- 
tion. It  is  further  apparent  that,  no  matter  how  efficient  the 
venereal  prophylaxis  of  the  Army  may  be,  there  will  still  remain  a 
^ery  large  number  of  cases  of  syphilis  contracted  prior  to  enlist- 
ment until  means  are  taken  to  exclude  such  syphilitics.  Until  such 
acticm  is  taken,  w^e  can  not  expect  any  great  reduction  in  the  sta- 
tistics for  syphilis,  and  it  foUow^s  that  the  failure  to  obtain  such  a 
reduction  can  not  be  used  as  an  argument  to  indicate  the  uselessness 
of  the  methods  used  in  venereal  prophylaxis. 

If  we  wish  to  improve  our  rates  for  syphilis,  some  method  must 
be  devised  for  excluding  syphilitic  recruits.  This  is  a  subject  requir- 
ing special  consideration,  and  is  briefly  treated  in  a  subsequent  part 
of  this  bulletin. 

Let  us  now  consider  the  bearing  of  these  figures  on  the  prevalence 
of  syphilis  among  the  young  men  of  the  civilian  community. 

The  age  of  these  recruits. — 609.67  per  thousand  of  all  recruits  ac- 
cepted during  the  fiscal  year  1913  were  24  years  of  age  or  under,  and 
the  ages  21  and  22  furnished  the  largest  number  for  any  age  in  the 
order  named.  The  folloAving  table  shows  the  ages  of  recruits  and  the 
proportion  at  each  age  per  1,000  accepted  during  the  fiscal  year  1913 : 


Ages. 


18  years  and  under 

19  years 

20  years 

21  years 

22  years 

23  years 

24  years 

25  years 

26  years 

27  years 

28  years 

29  years 

30  years 


^^'hitc. 

Number. 

Ratio. 

1,989 

76.64 

1,118 

44.24 

GOO 

23.12 

6,118 

235.  74 

2,555 

98.45 

1,604 

61.81 

1,808 

69.67 

1,421 

54.76 

1,123 

43.27 

1,072 

41.31 

89() 

34.53 

766 

29. 52 

628 

24.20 

Ages. 


\Miite. 


Number.      Ratio. 


31  years 

32  years 

33  j'ears 

34  years 

35  years 

36  years 

37  years 

38  years 

39  years 

40  years  and  over 

Total 


558 
449 
356 
305 
297 
234 
176 
172 
,100 


25,952 


22.23 

21.50 

17.30 

13.  72 

11.75 

11.44 

9.02 

6.78 

6.63 

42.39 


1,000.00 


It  must  be  remembered  that  this  table  includes  reenlistments.  The 
enlistments  made  of  men  of  30  and  over  are  almost  all  reenlistments. 
The  men  enlisted  for  the  first  time  are,  therefore,  between  the  ages 
of  18  and  30,  and  the  vast  majority  between  the  ages  of  21  and  24. 
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The  social  class  to  which  these  recruits  belong  is  well  indicated  by 
their  occupations.  The  Surgeon  General's  Report  for  1913,  page 
207.  indicates  these  occupations  in  the  following  table : 

Principal  occupations  of  ichitc  recruits,  first  enlistment,  year  1912. 


Occupaiion. 


White. 


LaborPTS 

Fanners 

Clerk5 

Dri\-ers  and  stablemen . . 

Mac-binists 

Miners 

Cooks 

Carpenters 

Firemen 

Painters 

Elo^tricians 

PlmnTiers 

Musicians 

P»rinters 

Waiters 

Barbers : 

Railroad  hands 

Tailors 

Butchers 

Salesmen 

Porters 

Chaiiffeurs 

Metal  workers 

Bakers 

Blacksmiths 

Shoemakers , 

Bookkeepers 

Teleprapners 

Sailors 

Weavers 

Engineers 

Linemen 

MascHis  (brick  axKi  stone) 

MoWers 

Mill  workers 

Tinners 

Me<hanics 

Srudems 

Boileirmakers 

Horaeshoers 

Teachers 

Motorm  "n 

Drupsnsts 

Nurses 

Glasiworkers 

Lumbermen 

Jev^lers 

Stenopraphers 

Plasterers 

Paper  workers 


Occupation. 


.509 
;633 
959 
S39 
615 
498 
319 
3S6 
358 
348 
270 
243 
229 
224 
147  , 
188  I 
182 
161 
155 
160 

49 
133 
149 
141 
113 
121 
111 
112 

94 

97 

93 

82  I 

73 

62  I 

74  I 

70 

92  , 

59  I 

56  , 

49  I 

46  i 

48  I 

43 

45 

42 

40 

35 

33  I 

27  I 

29  i 

I 


Conductors 

Leather  workers 

Cigar  makers 

Core  makers 

Draftsmen 

Fumirure  workers 

Civil  engineers 

Merchants 

Cement  workers 

Bridge  workers 

Photographers 

Foremen 

Packers 

Confectioners 

Actors 

Gardeners 

Undertakers 

Box  makers 

Drillers 

Hatters 

Laundrymen 

C<x)pers". 

Journalists 

Bartenders 

Rubber  workers 

Dairymen 

Doctors 

Trimmers 

Floru:t5 

Lithographers 

Oilers^ 

Roofers 

Inspectors 

Agents 

Chemists 

Calleotors 

Automobile  workers 

Bottlers 

Brewers 

Potters 

Dyers 

Designers  and  decorators. 

Fishermen 

BaU  players 

Dentists 

Moving-picture  operators 

I'phoLsterers 

Miscellaneous 

Total 


"WTiite. 


29 
28 
27 
26 
26 
26 
23 
22 
18 
18 
17 
16 
14 
16 
15 
16 
14 
15 
12 
13 
10 
12 
10 
10 
11 
11 
9 
11 
10 
10 
10 
10 
9 
I 

8 
8 
7 
6 
6 
6 
7 
6 
4 
6 
6 
6 
6 
128 


16.383 


It  must  be  remembered  that  these  accepted  recruits  of  this  age 
and  occupation  are  picked  men.  and  16.77  per  cent  were  probably 
syphilitic.  Is  it  possible  to  form  any  estimate  as  to  what  is  the  per- 
centage of  syphilis  among  tlie  men  of  the  community  from  whom 
these  recruits  were  picked  i  It  is  impossible  to  give  any  exact  figures 
on  this  point.    The  Adjutant  Generars  Report  for  1013  says  (p.  32)  : 

It  will  be  seen  from  the  foregroinsr  table  that  SO  per  cent  of  the  applicants  for 
enlis«tment  at  recruiting  stations  were  rejected  at  those  stations,  and  also  that 
14  i>er  cent  of  those  accepted  at  stations  were  subsequently  rejected  at  deix)ts. 
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We  have  no  information  as  to  what  percentage  of  the  rejettior.s 

it  the  recruiting  stations  were  due  to  venereal  diseases,  but  un- 

ioubtedly  there  was  a  certain  percentage  of  rejections  for  this  cause. 

AVhen.  however,  we  come  to  consider  the  ad''*'"-'^-^!  14  per  cent  re- 

ected  at  the  recruit  depots,  we  find  accurate  h  ?  as  to  the  cause 

f  rejection  <m  page  206  of  the  Surgeon  General's  Report  for  1913. 

\'enereal  diseases  are  found  to  cause  the  largest  proportion  of  rejec- 

ons,  the  rate  being  97.73  per  thousand  in  1912  and  111.67  in  1911. 

'le  white  race,  venereal  diseases  caused  the  second  highest  number 

jections.  being  92.39  per  1,000  in  1912.    In  the  colored  race  the 

- ..: .  of  rejections  i>er  thousand  for  venereal  diseases  was  167.S^.    This 

was.  moreover,  decidedly  lower  than  the  rate  obtaining  in  1911.  when 

_  21.05  per  1.000  colored  applicants  were  rejected  for  venereal  disease. 

There  are  unfortunately  no  figures  to  show  what  proportion  of  these 

rejections  for  venereal  disease  were  due  to  syphilis. 

With  regard  to  the  white  race,  which  alone  is  conadered  in  this 
^tudy.  we  have  seen  that  92.39  per  1.0<XX  or  9.2  per  cent  of  the  rejec- 
tions at  the  recruit  depot,  were  rejected  for  venereal  disease.    Assum- 
ing, as  has  been  done  frequently,  that  gonorrhea  is  about  four  times  as 
< mimon  as  syphilis,  we  find  that  2.3  per  cent  of  the  total  number  of 
:iese  rejections  were  due  to  syphilis. 

If  we  assume^  and  the  assumption  is  probably  conservative,  that 
there  was  the  same  proportion  of  syphilis  among  the  S«^  i>er  cent  of 
ejections  at  the  recruiting  stations,  the  total  S3  per  cent  of  rejected 
len  must  have  had  approximately  2.3  per  cent  of  their  number  re- 
jected for  syphilis. 
■      It  seems  evident  that  since  the  two  physical  examinations  to  which 
Miiese  applicants  for  enlistment  were  subjected  resulted  in  the  rejec- 
^^on  of  approximately  S3  per  cent,  that  there  must  have  been  more 
vphilis  among  the  S3  per  cent  rejected  than  among  the  17  per  cent 
t^ccepted.    We  have,  however,  demonstrated  that  of  this  17  per  cent 
f  accepted  recruits,  16.77  per  cent  are  probably  syphilitic. 
Therefore,  it  seems  fair  to  estimate  that  the  percentage  of  syphi- 
lis among  the  men  originally  presenting  themselves  to  the  recruiting 
ffic-er  is  the  same  as  the  percentage  found  by  the  Wassermann  sur- 
ey  on  accepted  recruits  plus  the  estimated  2.3  per  cent  of  rejections 
: .  T  syphilis.    This  makes  a  total  of  19.07  per  cent  of  syphilis  for  all 
pplicants  for  enlistment,  or  about  one  out  of  every  five  applicants. 
We  may.  therefore,  conclude  that  among  the  young  men  in  civil 
life  between  the  ages  of  20  and  30,  and  of  the  general  class  belonging 
»  the  occupations  mentioned,  the  percentage  of  syphilis  may  be 
-timated  at  at  least  16.77  per  cent,  and  there  is  good  reason  for  be- 
lieving that  it  is  fully  20  per  cent- 
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This  estimate  does  not  differ  essentially  from  one  recently  made  by 
Dr.  Charles  G.  Banks/  although  as  the  result  of  his  investigation 
Dr.  Banks  draws  the  conclusion  that  the  prevalence  of  venereal  dis- 
eases is  much  overestimated.  This  conclusion  appears  to  rest  on  the 
fallacy  that  the  number  of  venereal  diseases  actually  treated  in 
hospitals  is  equivalent  to  their  prevalence,  and  is  drawn  in  spite  of 
the  fact  that  even  this  inconclusive  data  leads  to  the  estimate  that 
2  per  cent  of  the  male  population  becomes  syphilized  annually. 

Thus,  Dr.  Banks  bases  his  estimate  on  the  number  of  sailors 
actually  diagnosed  and  treated  for  syphilis  or  gonorrhea  in  all  the 
marine  hospitals  over  a  series  of  years.  He  found  the  percentage  of 
annual  venereal  infection  among  mariners  to  be  8.15,  and  assumes 
from  the  nature  of  such  men  that  the  average  jack  tar  is  more  likely 
to  suffer  from  venereal  disease  than  the  average  civilian,  and  that 
it  is  therefore  fair  to  say  that  not  more  than  5  per  cent  of  adult  males 
can  be  properly  under  suspicion  as  annual  venereal  victims.  Of 
these  males,  in  round  numbers,  2  per  cent  would  be  syphilized. 

It  may  be  objected  to  this  method  of  estimation  that  it  is  far  below 
the  actual  facts,  since  it  can  not  be  supposed  for  an  instant  that  all 
the  sailors  having  a  venereal  infection  have  brought  it  to  the  marine 
hospital. 

Many  cases  of  syphilis  are  undoubtedly  contracted  shortly  before 
sailing,  develop  on  shipboard,  become  more  or  less  latent,  and  some 
are  never  diagnosed  or  receive  treatment  at  any  hospital,  while  many 
other  cases  are  doubtless  self -treated  or  treated  at  other  hospitals  and 
dispensaries.  As  we  will  see  later,  statistics  for  the  enlisted  men  of 
the  Army  indicate  that  about  3.44  per  cent  are  annually  diagnosed 
and  treated  for  syphilis.  But  the  Wassermann  survey  of  these 
soldiers  shows  an  additional  4.77  per  cent  of  double  plus  reactions 
and  7.87  per  cent  plus  reactions,  so  that  the  total  estimated  syphilitics 
for  these  men  is  1G.08  per  cent.  Were  the  Wassermann  reaction  to  be 
applied  to  the  sailors  on  whom  Dr.  Banks  bases  his  statistics,  similar 
results  might  be  expected.  In  other  words,  probably  at  least  20  per 
cent  of  these  sailors  w^ere  syphilized  at  any  one  time. 

It  may  be  admitted  that  although  syphilis  may  be  cured,  as  a 
matter  of  fact,  as  treatment  is  o^enerallv  given  it  is  rarelv  cured. 
If  2  per  cent  are  infected  annually  these  cases  remain  infected,  and 
therefore  there  is  a  steady  accumulation  of  cases.  Of  course  the 
percentage  of  syphilitics  in  the  community  must  become  reduced 
by  the  new  additions  of  clean  humanity,  or  otherwise  the  entire  com- 
munity would  become  syphilized  in  50  years  if  there  were  an  annual 

'  nnnks.  Venereal  Disease;  Its  Probable  Prevalence.  Public  Health  Reports.  Feb.  2G, 
11) IT).  Vol.  XXX,  p.  G18. 
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increment  of  2  per  cent.  liut  it  is  iinpossiljle  to  gues.s  t(j  wiiat 
extent  these  fresh  additions  reduce  the  percentage.  We  do  know- 
that  this  process  has  l)een  going  on  for  many  years,  and  if  there  are  2 
per  cent  of  fresh  infections  of  syphilis  annually  the  estimate  that  20 
})er  cent  of  the  adult  males  of  the  population  are  syphilized  does  not 
appear  at  all  excessive.  But  contrary  to  Dr.  Banks's  conclusion  it 
does  seem  exceedingly  startling.  It  means  that  when  a  man's 
daughter  marries,  the  chances  are  just  1  to  5  that  she  will  become 
the  victim  of  "  damaged  goods."  Further  discussion  of  this  point 
is  out  of  place  in  this  bulletin,  but  it  may  be  stated  that  the  writer 
hopes  to  extend  these  observations  to  the  civilian  community  in  the 
future. 


THE  PREVALENCE  OE  SYPHILIS  AMONG  THE  CADETS  AT  THE 
UNITED  STATES  MILITARY  ACADEMY  AT  WEST  POINT. 

An  investigation  of  the  prevalence  of  syphilis  among  the  cadets 
at  West  Point  should  be  of  practical  interest  and  importance  to  the 
ArniA^,  and  should  also  be  a  matter  of  some  general  interest.  So  far 
as  the  Army  is  concerned  this  interest  arises  from  the  fact  that 
practically  all  of  these  cadets  eventually  enter  the  Army  as  com- 
missioned officers,  and  that  therefore  the  amount  of  syphilis  among 
cadets  will  afford  a  very  definite  clue  to  the  per  cent  of  syphilis 
already  acquired  by  officers  of  the  Army  at  the  time  they  are  com- 
missioned ;  or  in  other  words  the  percentage  of  syphilis  that  is  being 
admitted  to  the  commissioned  personnel  from  civil  life. 

The  consideration  that  should  be  of  general  interest  arises  from 
the  fact  that  these  cadets  are  a  very  special  class  of  young  men. 
They  come  from  all  over  the  country,  from  families  whose  financial 
circumstances  are  either  moderate  or  well  to  do,  as  a  general  rule; 
they  have  all  received  a  thorough  preliminary  education  at  least 
equivalent  to  that  obtained  in  the  usual  high  school.  They  are  all 
young  men  of  presumably  excellent  moral  character,  and  all  have 
passed  a  rigid  physical  examination  prior  to  their  entrance  to  West 
Point.  Surely  it  might  be  expected  that  among  a  group  of  such 
young  men  so  carefully  selected  there  would  be  little  syphilis. 

This  investigation  has  been  carried  out  in  the  same  manner  as  the 
studies  made  on  enlisted  men.  The  surgeon  at  West  Point  was  re- 
quested to  inform  me  of  the  number  of  cadets  known  to  have  syphilis^ 
and  a  blood  specimen  for  the  Wassermann  reaction  was  collected 
from  every  man  in  the  Cadet  Corps  and  forwarded  to  the  Army 
Medical  School,  where  the  reaction  was  performed. 

I  am  indebted  to  Lieut.  Col.  Henry  A.  Shaw,  the  surgeon  at  West 
Point,  for  the  pains  taken  to  collect  these  specimens  satisfactorily. 

The  results  of  this  Wassermann  survey  are  shown  in  Table  I. 

Table  I. — WasseniKinii  surrci/  of  cadets. 


+  + 

+ 

+  - 

- 

Number  oxaminod. 

Num- 
bor. 

Per  cent. 

Num- 
ber. 

Per  cent. 

Num- 
ber. 

Per  cent. 

Num- 
ber. 

Per  cent. 

621 

16 

2.57 

18 

2. 89 

30 

4.83 

557 

89.69 

The  age  of  the  cadets  examined  is  shown  in  Table  II.     It  has  been 
impossible  to  estimate  the  incidence  of  syphilis  for  various  ages,  be- 
cause the  number  of  cases  of  syphilis  is  so  small. 
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A  PA  f  vfiiirs^.       

17 
1 

18 
40 

19 
67 

20 
106 

21 
123 

22 
124 

23 
79 

24 

48 

2.-> 
30 

26 
2 

27 
1 

Total, 

Number 

621 

I  was  informed  by  Col.  Shaw  that  there  were  no  known  syphilitics 
among  these  cadets.  In  accordance  with  the  method  used  in  other 
surveys,  it  may  be  estimated  that  2.57  per  cent  of  the  cadets  are 
syphilitic  and  that  2.89  por  cent  more  are  probably  syphilitic,  a  total 
of  r).4()  per  cent  estimated  syphilitics.  It  is  evident  that  this  figure 
is  much  lower  than  the  results  obtained  for  recruits,  in  which  case 
7.75  per  cent  of  double  plus  i-eactions  and  0.02  per  cent  of  plus  reac- 
tions were  obtained,  or  a  total  of  10.77  per  cent  estimated  syphilitics. 
This  is  what  might  be  expected,  since  the  percentage  of  syphilis 
among  the  class  of  young  men  admitted  to  West  Point  would  natu- 
rally be  supposed  to  be  lower  than  the  percentage  among  the  class 
of  young  men  who  enlist.  It  shows,  however,  that  from  2  to  5  per 
cent  of  these  cadets  are  probabh^  syphilitic. 

It  is  improbable  that  syphilis  is  contracted  very  often  during  the 
period  of  service  at  West  Point.  That  this  is  possible  and  does 
occur  occasionally  is  certain,  because  in  several  such  cases  blood  speci- 
mens have  been  sent  to  this  laboratory,  but  such  cases  are  exceptional. 
Such  syphilis  as  occurs  among  the  cadets  is,  therefore,  generally  con- 
tracted prior  to  their  entrance  to  the  academy.  A  case  has  recently 
been  referred  to  the  Surgeon  General,  in  which  a  history  of  syphilis 
was  admitted,  for  decision  as  to  the  possibility  of  entering  West 
iPoint.  For  every  case  that  volunteers  a  history  in  this  way  it  is 
probable  that  there  are  many  other  cases  in  which  this  history  is 
concealed. 

It  may  be  assumed  that  the  percentage  of  syphilis  is  no  lower 
among  candidates  for  a  commission  from  civil  life,  while  it  is  un- 
doubtedly higher  among  enlisted  candidates  for  a  commission.  If 
this  is  true,  from  2  to  5  per  cent  of  the  commissioned  personnel  of  the 
Army  are  syphilitic  at  the  time  they  enter  the  service.  There  is  at 
present  no  means  of  estimating  the  percentage  of  syphilis  among 
connuissioned  officers,  but  it  may  be  assumed  that  a  certain  further 
percentage  is  acquired  during  military  service.  The  percentage  of 
syphilis  so  acquired  is,  however,  imdoubtedly  smaller  than  is  the  case 
among  officers  of  foreign  services,  owing  to  the  fact  that  so  large  a 
proportion  of  the  officers  of  the  ITnited  States  Army  are  married. 

It  is  clearly  highly  desirable  to  exclude  syphilitics  from  the  com- 
missioned personnel  as  far  as  possible,  and  it  therefore  appears  that 
a  Wassermann  test  should  be  made  as  a  regular  ]:)art  of  the  physical 
examination  of  all  applicants  for  admission  to  West  Point  and  also 
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of  all  candidates  for  a  commission,  including  the  cadets  shortly  be- 
fore their  graduation. 

So  far  as  the  bearing  of  these  results  on  statistics  among  civilians 
is  concerned,  it  may  be  said  that,  since  these  infections  in  cadets  were 
practically  all  acquired  prior  to  entrance  to  the  academy  and,  since 
applicants  to  West  Point  are  subjected  to  a  very  careful  physical  ex- 
amination, whereas  there  is  no  physical  examination  for  students 
entering  college,  it  appears  probable  that  the  prevalence  of  syphilis 
among  the  young  men  entering  any  of  our  colleges  is  certainly  no  less 
and  probably  slightly  higher  than  the  statistics  just  given  for  West 
Point. 


Part  II. 

THE  PREVALENCE   OF  SYPHILIS  AMONG  SOLDIERS  OF  THE 

UNITED  STATES  ARMY. 


THE  PREVALENCE  OF  SYPHILIS  AMONG  WHITE  ENLISTED   MEN. 

The  annual  reports  of  the  Surgeon  General  of  the  Army  contain 
an  accurate  record  of  the  number  of  cases  of  syphilis  actually  diag- 
nosed and  treated.  In  the  report  for  1913,  page  60,  is  a  table  showing 
the  venereal  diseases  of  enlisted  men,  by  years,  from  1908-1912.  The 
following  table  presents  this  data  with  regard  to  syphilis  alone: 

Syphilis,  hy  years,  1908-1912,  United  States,  excluding  Alaska,  enlisted  men} 


Number  of 
cases  after 
deducting 
recurrent 
admissions. 

Admitted. 

Year. 

Total. 

White. 

Colored. 

1912 

25.58 
36.37 
22.54 
22.01 
19.99 

25.58 
44.30 
26.65 
26.85 
23.15 

25.84 

19.69 

1911 

45.33             25.91 

1910 

26.  68            26. 12 

1909 

26.  47            37.  74 

1908 

22.46            66.30 

1  Ratio  per  1 ,000  of  mean  strength. 

It  will  be  seen  from  this  table  that  in  1911  there  was  a  considerable 
increase  in  the  number  of  recorded  cases  over  1909  and  1910,  amount- 
ing to  about  14  per  1,000  men.  This  increase  in  the  number  of 
recorded  cases  in  1911,  however,  does  not  indicate  that  there  was 
more  actual  syphilis  during  that  year  than  in  other  years  for  the 
following  reasons:  There  was  probably  no  increase  in  exposure  to 
sj^philis  in  that  year,  because  the  rate  for  gonorrhea  dropped  10 
per  1,000  during  the  same  year.  But  the  use  of  the  Wassermann 
reaction  as  a  diagnostic  measure  became  general  in  1911,  and  it 
was  also  during  this  same  year  that  salvarsan  was  introduced.  The 
Wassermann  reaction  detected  many  cases  that  Avould  otherwise  have 
remained  unknown,  and  many  other  cases  applied  voluntarily  for 
treatment  in  the  hope  of  a  permanent  cure.  It  is  probable,  there- 
fore, that  there  was  no  real  increase  in  the  amount  of  syphilis  in  the 
year  1911,  but  merely  that  there  was  less  concealed  syphilis.  The 
figures  for  1911  (36.37  per  1,000,  or  3.6  per  cent)  are  a  better  index 
of  the  amount  of  syphilis  among  the  enlisted  men  of  the  Army  tliau 
are  the  figures  for  any  other  year.    Some  have  even  been  inclined  to 
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believe  that  the  application  of  the  Wassermann  reaction  and  the 
greatly  increased  interest  in  syphilis  on  the  part  of  medical  officers 
following  the  brilliant  results  obtained  by  the  use  of  salvarsan  have 
brortght  practically  all  of  the  syphilis  of  the  Army  on  record. 

This  impression,  however,  is  undoubtedly  erroneous,  for  T/e  have 
further  evidence  that  there  is  more  than  3.6  per  cent  of  syphilis 
among  the  enlisted  men  from  various  other  sources.  Chief  among 
these  is  the  Wassermann  survey  made  by  Keasoner  and  Matson 
(Military  Surgeon,  1910,  XXVII.  182).  These  investigators  ex- 
amined a  total  of  950  enlisted  men  at  Vancouver  Barracks,  Wash- 
ington State,  and  came  to  the  following  conclusion : 

We  have  examined  in  nil  950  individuals,  which  makes  over  1,000  reactions, 
since  repeated  reactions  were  made  in  a  number  of  cases.  Of  these  we  have 
found  38  positive  who  gave  a  history  and  12  who  do  not  admit  infection.  Eight 
from  whom  histories  were  obtained  gave  negative  reactions.  Of  the  38  ix)si- 
tives  who  admit  a  history,  19  date  back  from  2  to  10  years,  and  it  is  believed 
that  some  of  the  12  not  giving  histories  should  also  be  included  if  the  truth 
were  known-.  This  makes  about  5  per  cent  of  the  enlisted  personnel  who  gave 
evidence  of  syphilic  lesions,  and  with  that  a  large  number  are  recruits. 

After  the  publication  of  this  article  this  work  was  continued  by 
Capt.  Reasoner,  who  informs  me  that  the  Wassermann  reaction  was 
performed  on  1,371  cases,  of  whom  91,  or  6.85  per  cent,  gave  a  double 
plus  reaction.  Several  antigens  were  used  in  this  work,  but  chole- 
sterinized  antigens  had  not  yet  been  introduced.  On  the  basis  of 
this  evidence  Capt.  Reasoner  believed  that  7  per  cent  of  syphilitics 
was  a  conservative  estimate  for  that  command,  which  consisted  dur- 
ing this  investigation  of  tAvo  regiments  of  Infantry  that  had  been 
filled  up  recently  with  recruits. 

In  another  regiment  Capt.  Bartlett  made  a  careful  study  covering 
more  than  a  year,  and  found  about  10  per  cent  of  the  command 
infected.  Although  it  is,  of  course,  apparent  that  the  percentage 
ma}^  vary  in  different  commands  in  various  parts  of  the  country,  it 
seems  clear  that  the  o.O  per  cent  for  the  Army  in  the  United  States 
(1911)  gives  no  adequate  idea  of  the  amount  of  syphilis  in  the  Army. 
This  point  receives  much  further  emphasis  from  a  consideration  of 
the  Wassermann  survey  made  on  recruits  just  entering  the  service,  of 
Avhom  7.75  per  cent  gave  a  double  plus  reaction  and  9.02  per  cent  a 
plus  reaction.  Since  there  is  obviously  more  syphilis  in  the  Army 
than  is  shown  on  the  records,  it  becomes  a  matter  of  the  greatest 
importance  to  determine,  so  far  as  may  be,  the  actual  prevalence  of 
the  disease.  An  attempt  to  do  so  was  made  as  follows:  Three  posts 
were  selected  for  investigation.  These  posts  were  Fort  Ethan  Allen,  j 
in  Vermont,  a  regimental  Cavalry  post;  Plattsburg  Barracks,  in 
New  York,  a  regimental  Infantry  post:  and  Fort  McKinley,  Me., 
a  Coast  Artillery   post.     These  posts  were  considered  to  be  most 
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suitable  for  this  work,  because  they  represented  all  branches  of  the 
service,  because  they  were  sufficiently  large  to  afford  a  considerable 
number  of  men,  and  because  conditions  were  suitable  in  tiiese  posts 
for  taking  good  l)loo(l  specimens.  Moreover,  it  was  thougiit  that  in 
posts  situated  in  or  near  a  large  city  the  percentage  of  syphilis  might 
be  higher  than  in  the  Army,  as  a  whole,  because  of  the  greater 
opportunities  for  acquiring  the  disease  in  cities.  None  of  the  posts 
selected  are  near  large  cities. 

In  order  to  determine  the  prevalence  of  syphilis  in  these  posts  the 
following  method  Avas  pursued : 

1.  A  list  was  furnished  of  all  men  in  the  post  positively  known  to 
have  syphilis,  as  shown  by  the  syphilitic  registers.  These  men  were 
accepted  as  known  syphilitics,  and  no  bloods  were  taken  from  these 
men.  Repeated  Wassermann  examinations  had,  of  course,  been  made 
on  the  great  majority  of  these  men  in  the  ordinary  routine  course  of 
diagnosis  and  treatment. 

2.  It  was  directed  that  blood  specimens  of  all  other  men  in  the  post 
be  collected  and  sent  in  for  a  Wassermann  survey. 

The  entire  examination  in  all  of  these  posts  was  completed  in  about 
three  weeks  from  the  time  it  was  commenced.  All  of  the  enlisted 
men  in  the  post  at  the  time  the  examination  was  made  were  taken 
without  selection  other  than  the  exclusion  of  known  syphilitics  noted 
above.  It  was  not  possible  to  ex^imine  the  entire  command  in  Forts 
Ethan  Allen  and  Plattsburg  Barracks,  owing  to  the  fact  that  in  each 
case  a  portion  of  the  command  Avas  absent  on  maneuvers  when  the 
examination  was  made.  The  blood  specimens  were  collected  under 
the  supervision  of  medical  officers,  were  shipped  by  mail,  and  were 
tested  after  at  most  three  days  after  collection.  In  this  connection 
I  wish  to  express  my  acknowledgments  to  Capt.  Samuel  ^I.  De  Loffre, 
Capt.  William  K.  Bartlett,  and  Capt.  Floyd  Kramer.  ^Medical  Corps, 
for  their  hearty  cooperation  and  assistance  in  the  collection  of  this 
large  nimiber  of  blood  specimens. 

The  results  of  this  examination  are  summarized  in  the  following: 
tables : 

Table  I. — Known  S!fi)hnitics. 


Post. 


Fort  Ethan  Allen... 
Plattsbiirg  Ran-acks. 
Fort  McKinley,  Me.. 

Total 


Total 

number 

of  en- 

KnoA\Ti 

listed 

syphi- 

men m 

litics. 

the  com- 

mand. 

1,075 

35 

913 

34 

:    "^ 

22 

2,W3 

1 

91  ! 

Per  cent 
known 
syphi- 
litics. 


3.25 
3.72 
3.35 

3.44 


97SS1°— lo- 
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Table  II. — Results  of  Wassermann  survey. 


Total 
exam- 
ined. 

+  +                         + 

+  - 

- 

Post. 

Num- 
ber. 

Per 
cent. 

Num- 
ber. 

Per 
cent. 

Num-       Per 
ber.        cent. 

Num- 
ber. 

Per 
cent. 

Fort  Ethan  Allen 

589 
454 
534 

29 
25 
21 

4.92 
5.50 
3.91 

38 
32 
54 

6.45 

7.05 

10.11 

46        7. 81 
39         8.59 
59       11.05 

476 
358 
400 

80.81 

Plattsburg  Barracks 

Fort  McKinley,  Me 

78.85 
74.90 

Total 

1,577 

75 

4.74 

124 

7.86 

144         9.13 

1,234 

78.25 

Table   III. — UndouMed   syphilitics   in   the   enlisted   men  studied   expressed  in 

per  eent. 


Post. 


Fort  Ethan  Allen 

Plattsburg  Barracks 

Fort  McKinley,  Me 

Average  per  cent  for  the  Army 


Known 

sjrphilitics. 


Per  cent 

-1-4- 
by  the 

Wasser- 
mann. 


3.25 
3.72 
3.35 


3.44 


4.92 
5.50 
3.91 


4.77 


Total 

undoubted 

syphilis. 


8.17 
9.22 
7.26 


8.21 


Table  IV. — Estimated  number  of  syphilitics  in  the  enlisted  men  expressed  in 

per  cent. 


Post. 

Known 
syphilitics. 

Per  cent 

+  -f- 
by  the 

Wasser- 
mann. 

Per  cent 

+ 
by  the 

Wasser- 
mann. 

Total 
estimated 
syphilitics. 

Fort  Ethan  Allen     

3.25 
3.72 
3.35 

4.92 
5.50 
3.91 

6.45 

7.05 

10.11 

14.62 

Plattsburg  Barracks 

16. 27 

Fort  McKinley,  Me 

17.37 

Average  per  cent  for  the  Army 

3.44                4.77 

7.87 

16.08 

As  in  the  case  of  the  survey  on  recruits,  there  is  substantial  agree- 
ment in  the  figures  olitained  from  ditferent  posts  in  widely  sepa- 
rated parts  of  the  country.  This  suggests  strongly  that  the 
prevalence  of  syphilis  is  about  the  same  in  most  of  our  posts. 

It  is  believed  that  this  estimate  of  16  per  cent  of  sj^philis  for  the 
Army  as  a  Avhole  in  the  United  States  is  conservative.  While  it  is 
probable  that  the  plus  reactions  do  not  in  all  cases  indicate  the 
existence  of  S3^philis,  experience  has  shown  that  most  of  them  do, 
nnd  that,  on  the  other  hand,  many  undoubted  cases  of  syphilis  give 
a  negative  or  })lus  minus  Wassermann.  This  undoubtedly  more 
than  counterbalances  the  few  plus  cases  obtained  in  nonsyphilitics. 
It  should  also  be  remembered  that,  as  shown  by  the  annual  reports 
of  the  Surgeon  General,  the  incidence  of  syphilis  is  considerably 
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higher  in  the  Army  in  the  Philippines  and  in  Hawaii  than  in  th**. 
Army  in  the  United  States. 

The  age  and  length  of  service  in  the  Army  was  obtained  in  the 
cases  of  all  the  men  examined,  and  the  following  table  shows  the 
incidence  of  syphilis  for  the  ditl'erent  years  of  age: 

Table  V. 


Age. 

Niimher 

ex- 
amined. 

Number 
positive. 

Per  pent 
positive. 

Age. 

Numljer 

ex- 
amined. 

Numt>er 
positive. 

Per  cent 
positive. 

18 

25 

64 

86 

133 

204 

205 

1.52 

108 

93 

69 

68 

57 

1 

2 

7 

20 

23 

32 

19 

13 

21 

19 

14 

K 

4.00 
3. 12 
8.14 
15.  03 
11.27 
15.  61 
12.  50 
12.  03 
22.58 
27.55 
20.  59 
14.  03 

30 

50 
49 
35 
24 
32 
32 
27 
17 
19 
18 
74 

13 
11 

8 

4 

9 

10 

7 
2 
2 
9 
21 

26.00 

19 

31 

22.  45 

20 

.32 

22.85 

21            

.33 

16.66 

22            

34 

28.  12 

23 

.35 

31.25 

24 

36 

2.J.  93 

25 

37 

11.76 

26 

38 

10.52 

27 

39 

50.00 

28 

40  and  over 

2H.37 

29 

It  is  apparent  that  the  percentage  of  syphilis  for  the  different  ages 
shows  considerable  variation  owing  to  the  fact  that  the  groups  con- 
sidered for  each  age  are  too  small.  But  even  allowing  for  these  varia- 
tions, it  is  clear  that  there  is  a  decided  tendency  for  the  percentage 
of  syphilis  to  increase  with  advancing  years.  This  fact  is  brought 
out  more  clearly  if  we  consider  the  average  percentage  of  syphilis  for 
each  quinquennium,  as  follows: 

Table  VI. — Average  per  cent  of  syphilis  for  five-year  periods. 

18-22 10.35 

23-27 16.  5S 

28-32 20.85 

33-37 24.22 

37-4J '2S.  S2 

This  steady  increase  in  the  percentage  of  syphilis  with  advancing 
years  is  exactly  what  might  be  expected,  for  syphilis,  when  once  ac- 
quired, is  veiy  seldom  cured,  and  the  older  the  man  the  more  have 
been  his  opportunities  for  exposure  and  contracting  the  disease.  This 
fact  must,  therefore,  be  remembered  in  any  attempt  to  estimate  the 
amount  of  syphilis  in  a  communit}',  for  if  only  young  people  are  ex- 
amined, the  percentages  so  obtained  will  undoubtedly  be  too  low  for 
the  community  as  a  ^^  hole. 

It  is  also  desirable  to  know  how  the  percentage  of  syphilis  is 
affected  by  length  of  service  in  the  Army.  This  is  shown  bv  Table 
VII. 

1  The  group  37-41  years  contains  those  men  who  were  over  41;  the  number  over  41  is  not  huge  in  com- 
parison with  the  entire  group,  but  undoubtedly  assists  somewhat  in  increasing  the  percentage  of  syphilis 
lor  this  quinquennium. 
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Service. 


Under  1  year. 

1  to  2  years . . 

2  to  3  years... 

3  to  4  years . . . 

4  to  5  years . . . 

5  to  10  years . 
Over  10  years 


Number 

of  men 

Number 

Per  cent 

Number 

ex- 

positive. 

positive. 

negative. 

amined. 

268 

25 

9.32 

243 

292 

37 

12.67 

255 

385 

57 

14.80 

328 

94 

21 

22.34 

73 

46 

11 

23.91 

35 

363 

69 

19.01 

294 

189 

56 

29.03 

133 

Per  cent 
negative. 


90.67 
87.33 
85.19 
77.65 
76.08 
80.99 
70.37 


This  table  shows  clearly  that  there  is  a  gradual  and  steadily  in- 
creasing amount  of  syphilis  as  the  years  of  service  increase.  The 
only  exception  to  this  rule  is  found  in  the  group  having  between 
5  and  10  years'  service,  in  which  there  is  apparently  some  decrease 
in  the  amount  of  syphilis.  The  reason  for  this  is  possibly  that  the 
groups  from  3  to  4  years  and  from  4  to  5  years  are  quite  small,  and 
may  show  a  relatively  greater  percentage  of  syphilis  than  would 
have  been  the  case  had  larger  groups  been  available. 

It  should  be  noticed  that  over  9  per  cent  of  syphilis  is  found  in 
men  having  less  than  one  year  of  service.  The  great  majority  of 
these  cases  were  undoubtedly  acquired  prior  to  entering  the  service. 
This  is  also  true  of  a  great  many  of  the  cases  found  in  the  men  in 
the  second  and  third  years  of  service.  These  observations,  therefore, 
confirm  the  results  of  the  Wassermann  survey  made  on  recruits,  in 
which  it  was  found  that  of  recruits  entering  the  service  at  least  7.75 
per  cent  are  syphilitic  and  probably  16.77  per  cent  are  syphilitic. 

A  certain  amount  of  S3q3hilis  is,  of  course,  acquired  during  service 
in  the  Army,  as  would  be  shown  by  these  figures  if  we  were  not 
already  familiar  with  the  fact.  But  there  is  no  reason  for  supposing 
that  those  men  who  serve  in  the  Army  are  any  more  liable  to  syphilis 
than  other  men  of  the  same  age  who  remain  in  civil  life.  On  the 
contrary,  there  are  many  reasons,  which  will  be  discussed  later,  that 
lead  us  to  believe  that  the  men  who  stay  in  the  Army  show  a  lower 
percentage  of  syphilis  than  men  of  the  same  age  and  condition  in 
civil  life.  One  very  good  reason  for  this  belief  is  as  follows:  7.75 
per  cent  of  the  recruits  are  certainly  syphilitic  (double  plus  Was- 
sermann)  and  9  per  cent  more  are  probably  syphilitic  (plus  Was- 
sermann).  These  are  men  selected  by  a  careful  physical  exami- 
liation,  and  therefore  undoubtedly  sutler  from  less  syphilis  than  the 
group  of  men  from  which  they  were  drawn.  It  is  fair  to  estimate, 
therefore,  that  there  is  probably  20  per  cent  of  syphilis  among  the 
young  men  of  the  community  of  the  class  from  whom  our  recruits 
are  drawn. 
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But  a  similar  examination  of  the  Aimv  shows  that  there  are  onl> 
S/21  per  cent  of  undoul)te(l  syi)hilitics  and  only  10.08  per  cent  of 
estimated  syphilis  among  the  soldiers,  and  this  in  spite  of  the  fact 
that  it  was  possible  to  obtain  considerably  more  information  (his- 
tories of  known  syphilitics)  in  the  case  of  the  soldiers.  This  shows 
conclusively  that  there  is  less  syphilis  in  the  Army  than  among  men 
of  the  same  age  and  condition  in  civil  life  at  the  beginning  of  their 
period  of  service.  After  entering  the  Army  they  are  subjected  to 
military  discipline  and  compelled  to  take  the  prophylactic  treatment 
after  exposure,  so  that  it  seems  certain  that  they  contract  less  syphilis 
while  in  the  service  than  do  their  confreres  outside  the  service,  few  of 
whom  have  ever  heard  of  proph^daxis. 

It  is  also  clear  that,  if  these  figures  are  correct,  there  is  certainly 
no  more  syphilis  among  the  enlisted  men  of  the  Army  than  is  to  be 
found  among  the  recruits,  and  this  in  spite  of  the  fact  that  a  consid- 
erable amount  of  syphilis  is  undoubtedly  contracted  by  these  men 
during  their  period  of  service  in  the  Army.  If  our  figures  are  re- 
liable, it  is  clear  that  the  only  possible  explanation  of  this  phe- 
nomenon is  that  syphilitics  are  leaving  the  service  faster  than  new 
cases  of  syphilis  are  being  accjuired,  and  this  is  probably  the  fact. 

The  discussion  of  this  point,  and  the  endeavor  to  determine  in  what 
way  syphilitics  become  separated  from  the  service,  may  be  deferred 
advantageously  until  the  surveys  on  men  that  have  recently  left  the 
service  have  been  presented. 

It  is  to  be  hoped  that  for  the  future  the  finger  of  scorn  will  no 
longer  be  pointed  at  our  Army  because  of  the  amount  of  venereal 
disease  that  the  soldiers  acquire.  This  investigation  indicates  clearly 
that  in  this  respect  conditions  are  better  in  the  Army  than  in  civil 
life.  The  only  reason  for  the  contrary  opinion  has  been  based  on  the 
fact  that  in  the  Army  when  Aenereal  diseases  are  diagnosed  they  are 
made  a  matter  of  record,  while  no  one  knows  the  diseases  that  civilians 
suffer  from.  A  similar  reputation  for  drunkenness  has  been  built  up 
for  the  Army,  because  when  a  man  in  uniform  is  drunk  every  one 
notices  the  fact,  while  he  may  be  in  the  company  of  10  drunken 
civilians  who  are  not  noticed  because  not  in  uniform.  If  sanitarians 
in  civil  life  want  to  know  how  clean  our  Army  is,  let  them  make 
venereal  diseases  reportable  like  typhoid  fever  and  diphtheria.  If 
this  were  done,  it  is  safe  to  say  that  the  ''holier  than  thou''  attitude 
would  no  longer  be  assumed  toward  the  soldier. 


THE  PREVALENCE  OF  SYPHILIS  AMONG  COLORED  ENLISTED  MEN. 

Within  recent  years  much  interest  has  been  displayed  in  the  prev- 
idence  of  syphilis  among  negroes  in  the  civil  community,  and  all  the 
evidence  obtainable  indicates  that  this  disease  is  considerably  more 
frequent  among  negroes  than  among  whites  of  a  similar  economic 
class.  One  of  the  first  to  call  attention  to  this  state  of  affairs  was 
Murrell,^  who  wrote  in  1910  that — 

Morality  among  these  people  is  almost  a  joke,  and  Is  only  assumed  as  a 
matter  of  convenience  or  when  there  is  a  lack  of  desire  and  opportunity  for 
indulgence,  and  venereal  diseases  are  well-nigh  universal.  It  is  my  honest 
belief  that  another  50  years  will  find  an  unsyphilitic  negro  a  freak  unless  some 
such  procedure  as  vaccination  comes  to  the  relief  of  the  race,  and  that  in  the 
hands  of  a  compelling  law.  Tuberculosis  is  often  spoken  of  as  the  scourge  of 
the  negro,  but  there  must  be  20  syphilitics  to  the  1  consumptive,  and  hundreds 
of  the  negro  consumptives  have  syphilis  to  combat  as  well.  This  may  sound 
exaggerated,  but  it  is  near  the  pitiless  truth. 

No  criticism  has  been  directed  at  Murrell  for  these  statemer^ts,  but, 
on  the  contrary,  all  who  have  written  on  the  su.bject  more  recently 
have  confirmed  his  observations  and  added  fresh  evidence  to  indicate 
their  accuracy.  Among  these  may  be  mentioned  Hazen,^  Hindman,^ 
and  Lee.*    Lee  writes : 

I  have  found  from  personal  experience  and  I  am  sure  that  those  doctors 
present  who  have  had  the  disagreeable  duty  of  treating  a  large  number  of  the 
Negro  race  have  found  that  venereal  diseases  are  present  in  over  50  per  cent 
of  the  race  presenting  themselves  for  treatment.  Syphilis  has  as  much  to  do 
with  the  high  death  rate  in  the  negro  as  any  other  single  factor.  It  does  not 
■show  in  the  death  certificate,  but  as  a  complication  of  bronchitis,  pneumonia, 
and  tuberculosis  it  reduces  the  chance  of  a  successful  fight  against  these  dis- 
eases, and  as  a  cause  of  arteriosclerosis,  endocarditis,  cerebral  hemorrhage, 
nephritis,  and  stillbirths  it  seems  to  be  ever  present.  As  city  physician  dur- 
ing these  years  I  treated  1,426  negroes,  486  of  whom  (about  one-third)  had 
syphilis  in  some  evident  form,  to  say  nothing  of  those  who  came  to  me  with 
minor  injuries,  etc.,  who  only  paid  me  one  or  two  visits,  and  in  whom  the  dis- 
iease  was  latent,  and  in  whom  I  did  not  make  the  diagnosis.  I  personally 
ibelieve  that  more  than  50  per  cent  of  the  colored  race  suffer  with  this  disease, 
■either  inherited  or  acquired.  If  this  be  the  case,  as  I  believe  it  is,  syphilis 
is  almost  the  important  factor  in  the  high  death  rate  of  the  Negro  race. 

With  such  evidence  before  us  it  might  reasonably  be  expected 
that  the  incidence  of  syphilis  Avould  be  higher  among  negro  soldiers 

^  MurroU,  T.  W.,  Syphilis  and  the  American  noErro.     J.  A.  M.  A.,  1010,  LTV,  S46. 

ailnzon.  II.  II.,  Syplil'is  in  tlio  Amorican  Nojiro.     J.  A.  M.  A..  1014.  LXIII.  4r>.'i. 

s  Ilindman,  S.  S.,  Syphilis  Among  Insane  Negroes.     Am.  Jr.  Pub.  Health.  March,  1015, 

V.  218. 

*  Lee,  L.,  The  Negro  as  a  rroblem  in  rublic  Health  Charity.     Am.  Jr.   Pub.  Health, 

March,  1915,  V.  207. 
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than  amon^  white  troops.    Turning  to  tlie  Surgeon  General's  reports, 

we  find  this  expectation  only  partly  justified  by  the  official  figures. 

Thus,  on  page  CO  of  the  Keport  of  the  Surgeon  General  for  11)18,  we 

find  comparative  figures  on  the  admissions  for  syj^hilis  for  the  two 

races  during  the  years  1908-1912,  which  are  shown  in  condensed  f(irm 

in  Table  I. 

Table  I. 


Year. 

Admitted. 

Noneffective. 

Di.scharged  on  cer- 
tificate   of    disa- 
bility. 

White. 

Colored. 

White. 

Colored. 

Vnnte.     Colored. 

1912 

25.84 
45.33 
2().  68 
26. 47 
22.46 

19.69 
25.91 
26.12 
37.74 
66.30 

1.08 
2.85 
2.75 
2.64 
2.14 

2.11 
2.30 
2.07 
3.74 
3.46 

O.Gl             0.80 

1911 

.48              1.36 

1910 

1.16                .67 

1909 

1.81  j           5.19 

1908 

1.64  1                 0 

Average  for  the  five  years 

''9.35 

35.15 

2.41 

2.73 

1.14              l.»;0 

It  will  be  seen  from  this  table  that  while  the  averages  during  these 
five  years  for  admissions,  noneffectives,  and  discharges  for  disability 
for  syphilis  are  always  higher  for  the  colored  than  for  white,  yet  the 
differences  are  not  so  great  as  should  be  expected  if  the  incidence  of 
syphilis  is  as  high  among  negroes  as  the  references  quoted  above 
would  indicate,  and  for  certain  years  the  figures  are  even  lower  for 
the  colored  than  for  whites. 

Further,  there  is  an  impression  in  the  minds  of  some  medical 
officers  that  venereal  diseases  are  more  common  among  white  than 
colored  troops.  Thus  one  medical  officer,  in  writing  to  me  on  the  sub- 
ject, said : 

Experience  based  on  nearly  17  years'  continuous  service  witli  troops  in  gar- 
rison and  field  (5  years  with  colored  troops)  does  not  bear  out  the  statement 
that  the  figures  for  venereal  diseases  are  higher  amofig  colored  troops.  I  have 
observed  the  incidence  of  venereal  diseases  among  colored  troops  to  be  about 
one-half  as  compared  Avith  white  troops.  Thus  there  are  at  present  under 
treatment  in  the  post  hospital  14  cases  of  venereal  diseases,  4  colored  and  10 
white. 

An  attempt  has  accordingh'  been  made  to  investigate  the  preva- 
lence of  syphilis  among  colored  troops.  This  has  been  attended  with 
some  difficulty,  from  the  fact  that  only  two  colored  regiments  are  on 
duty  in  the  United  States,  namely,  the  Ninth  and  Tenth  Cavalry, 
and  many  of  these  men  are  scattered  along  the  border  in  small  posts 
and  stations. 

Surveys  have  been  made  of  the  men  of  these  regiments  stationed 
at  Fort  Huachuca,  Ariz. ;  Naco,  Ariz. ;  and  Camp  Douglas,  Ariz. 
Blood  specimens  were  collected  and  mailed  to  the  Army  Medical 
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School,  where  the  Wassermann  reaction  was  performed  in  accordance 
with  the  same  method  used  in  the  other  Wassermann  survej^s  re- 
ported here.  I  am  indebted  to  Maj.  Charles  E.  Marrow,  Medical 
Corps;  Lieut.  Royal  E.  Cummings,  Medical  Corps;  Lieut.  Eavmond 
W.  Bliss,  Medical  Corps;  and  Lieut.  AValdemar  A.  Christensen, 
Medical  Reserve  Corps,  for  the  trouble  taken  in  collecting  and  for- 
warding these  specimens.  Owing  to  the  long  distance  that  these 
specimens  traveled  many  of  them  were  spoiled  in  transit,  but  all 
such  specimens  Avere  thrown  out  and  a  second  suitable  specimen 
obtained,  so  that  it  is  belieA'ed  the  reactions  performed  are  reliable. 
The  results  obtained  by  this  survey  are  shown  in  Table  II. 

Table  II. — Results  of  Wassermann  survey  of  colored  troops. 


Number 
exam- 
ined. 

+  + 

+ 

+ 

- 

- 

Place. 

Num- 
ber. 

Per 
cent. 

Num- 
ber. 

Per 
cent. 

Num-  : 
ber. 

Per 
cent. 

Num- 
ber. 

Per 
cent. 

Huachuca 

607 

202 

G8 

579 

161 
47 
15 
98 

26.52 
23.26 
22.06 
16.90 

104 
22 
12 
55 

17.13 

10.89 

17.64 

9.48 

78 

22 

6 

56 

12.85 
10.89 

8.82 
9.64 

264 

111 

35 

370 

43. 4» 

Naco 

54.95 

Apache 

51.47 

Douglas 

63.90 

Total 

1,456 

321 

22.04 

193 

13.26 

162 

11.12 

780 

53.57 

It  will  be  observed  that  there  is  a  greater  variation  in  the  results 
of  the  Wassermann  survey  from  these  different  posts  than  has  been 
the  case  in  the  surveys  made  in  a  similar  way  on  recruits  and  white 
enlisted  men.  It  is  believed  that  this  is  partly  due  to  the  fact  that 
there  were  few  known  syphilitics  obtainable  in  these  surveys. 

I  was  informed  by  Maj.  Marrow  that  owing  to  the  vicissitudes  of 
field  service  and  frequent  transfers  the  registers  of  these  troops  had 
been  lost;  that  there  were  probably  50  men  of  the  Tenth  Cavalry 
stationed  at  Huachuca,  Naco,  and  Apoche  who  had  received  treatment 
for  syphilis.  However,  since  the  records  were  lost,  these  men  could 
not  be  counted  as  known  syphilitics  and  excluded  from  the  Wasser- 
mann survey,  as  was  done  in  other  investigations.  The  known  cases 
of  syphilis  in  the  command  determined  since  February  1,  1915,  were 
6.  Blood  specimens  of  these  men  were  not  included  in  the  survey, 
but  it  is  clear  that  very  many  cases  of  undoubted  syphilitics  were 
included  that  would  have  been  excluded  had  not  the  registers  been 
lost.  This  fact  explains  the  high  percentage  of  double-plus  and  phis 
reactions  obtained  in  the  Wassermann  survey  of  the  Tenth  Cavalry 
as  compared  with  the  Ninth  Cavalry,  and  also  the  variations  observed 
among  those  portions  of  the  Tenth  Cavalry  at  different  stations.  For 
since  many  cases  with  a  history  of  syphilis  were  inchided  in  the  sur- 
vey, it  is  probable  that  from  one  post  there  were  more  men  that  had 
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received  eneifi^etic  treatnient  or  suffered  from  old  infections  and  gave 
a  ne<:^ative  Wassermann  than  was  the  case  in  another  po.st. 

Therefore,  although  for  the  reason  just  given  tlie  fiufures  for  known 
sy])hilitics  are  much  too  low  for  both  regiments,  l)Ut  especially  for 
tlie  lY'nth  Cavalry,  an  attempt  is  made  in  Table  III  to  e.stimate 
undoubted  and  prol)able  syphilitics  for  these  two  organizations  in 
accorchmce  with  the  method  used  in  other  surveys. 

T.vnLK  III. — Estintatc  (jf  undouhtcd  <in<l  jnohdltlc  sifiifiilis  iniininj  rnlnrrti  i  nlUtnl 

men. 


Troops. 

Number 
exam- 
ined. 

Known 
syphilitics. 

+  + 
Wassermann. 

Undoubted 
syphilitics. 

,                Estimated 

Wa^seTmann.:    ,^'^l?^:t 
sypmlitics. 

Num- 
ber. 

Per 
cent. 

Num- 
Ijer. 

Per 
cent. 

Num- 
ber. 

Per 
cent. 

Num- 
ber. 

Per 
cent. 

Num- 
ber. 

Per 

cent. 

Tenth    Cavalry, 
Huachuca,  Naco, 
A))ache 

8S3 
589 

G 
10 

0.G7 
1.69 

223 

98 

25.25 
1G.C3 

229 
108 

25.92 
18.33 

138 
55 

15.62 
9.33 

307 
163 

41.54 

Ninth   Cavalry, 
Camp  Douglas 

27.67 

Total 

1,472 

IG 

1.08 

321 

21.80 

337 

22.21 

193 

13.11 

530 

36.00 

From  this  table  it  is  apparent  that  the  positive  reactions  obtained 

I  in  the  Wassermann  survey  were  more  numerous  among  those  troops 
having  fewer  known  syphilitics  and  vice  versa.  Comparison  with 
figures  obtained  in  the  same  way  for  white  enlisted  men  indicates 
that  syphilis  is  much  more  prevalent  among  colored  than  among 
white  enlisted  men.     This  comparison  is  made  in  Table  IV. 

Table   IV. — Comparison  of  fujurcs  obtained   in   surrci/s   of   white  and  eolored 

enlisted  men. 


Troops. 

Number 
examined. 

Known 
syphilitics. 

+  + 
Wasser- 
mann. 

Undoubted 
syphilitics. 

+ 
Wasser- 
mann. 

Estimated 

probable 

sj-philitics. 

White 

1,577 
1,472 

Per  cent. 
3.44 

Per  cent. 

4   77 

Per  cent. 
8,21 
22.88 

Per  cent. 

7. 87 
13.11 

Per  cent. 
16  OS 

Colored 

l.os            o\ii,n 

36  00 

If  the  figures  in  these  tables  may  be  regarded  as  any  indication  of 
the  real  facts,  we  may  conclude  that  syphilis  is  between  two  and 
three  times  more  prevalent  among  colored  enlisted  men  than  among 
white  enlisted  men.  That  this  estimate  is  no  great  exaggeration  is 
indicated  by  the  official  figures  as  shown  in  the  Surgeon  (^feneral's 
reports  for  rejections  of  applicants  for  enlistment  because  of  venereal 
disease.  The  ratio  per  thousand  of  such  rejections  for  the  last  three 
years  is  given  in  Table  V. 
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Table  V. 


Year. 

White. 

Colored. 

Year. 

White. 

Colored. 

1913                                      

74.22 
92.39 

184.36 
.     167. 86 

1911 

111.67 

221.65 

1912                     

If  venereal  diseases  are  more  prevalent  among  negroes  than  whites 
before  enlistment,  there  is  no  reason  to  suppose  that  this  relative 
incidence  is  entirely  reversed  after  enlistment.  The  observations  of 
Murrell,  Hazen.  etc.,  on  the  prevalence  of  syphilis  among  negroes 
afford  further  confirmation  of  the  essential  accuracy  of  this  survey 
on  negro  troops. 

We  have  already  seen  that  syphilis  is  much  more  prevalent  among 
white  enlisted  men  than  is  indicated  by  the  official  record  of  admis- 
sions to  sick  report.  The  disproportion  between  admissions  to  sick 
leport  and  the  actual  number  of  cases  present  in  the  command  is 
much  more  marked  in  the  colored  troops  studied.  Murrell,  in  the 
article  quoted,  further  emphasized  the  difficulty  in  inducing  a  syphi- 
litic negro  to  take  treatment.  Apparently  most  negroes  think  they 
are  cured,  or  at  least  are  satisfied  as  soon  as  they  are  free  from  pain 
and  obvious  skin  lesions.  This  is  the  probable  explanation  of  the 
fact  that  so  few  syphilitic  negroes  apply  for  treatment  and  are  taken 
up  on  the  sick  report  of  the  Army.  It  is  certain  in  view  of  the  facts 
presented  here  and  of  this  well-known  indisposition  to  take  treat- 
ment that  no  accurate  conclusions  can  be  drawn  as  to  the  relative 
prevalence  of  syphilis  in  the  two  races  by  a  comparison  of  hospital 
statistics  or  admissions  to  sick  report. 

The  age  and  length  of  service  in  the  Army  was  obtained  in  the 
case  of  all  the  men  examined,  and  Table  VI  shows  the  incidence  of 
syphilis  for  the  different  years  of  age. 

Table  VI. 


Age. 

Number 
examined. 

Number 
positive. 

Per  cent 
positive. 

1 

1              Age. 

Number 
examined. 

Number 
positive. 

Per  cent 
positive. 

18 

10 

42 

59 

82 

131 

121 

103 

69 

53 

55 

69 

45 

3 
14 

18 
20 
37 
40 
41 
28 
19 
18 
23 
24 

30.00 
33.33 
30.50 
24.39 
28.  24 
33.  05 
30.80 
40.  57 
35.8.5 
32.  72 
38.98 
53.33 

30 

48 
33 
26 
15 
49 
31 
37 
30 
30 
27 
89 

23 

3 
23 
15 
19 
10 
13 
17 
34 

47.91 

19 

31  

30.30 

20 

32 

23. 07 

21 

33 

20.00 

22 

34 

46.93 

23 

35                

48.38 

24 

3ti     

51.08 

25 

37     

33.33 

26 

38 

43.33 

27 

39 

62.% 

2F. 

40  and  over 

38.20 

29 
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As  in  the  case  of  the  simihir  table  for  white  troops,  there  is  a  con- 
siderable variation  in  the  incidence  of  syphilis  for  the  different  ages 
owing  to  the  fact  that  the  groups  studied  are  too  small.  Vet  hero 
again  there  is  a  decided  tendency  for  the  percentage  of  syphilis  to 
increase  with  advancing  years.  This  is  brought  out  more  clearly  if 
we  consider  the  average  percentage  of  syphilis  for  each  quinquen- 
nium, as  is  done  in  Table  VII. 

Table  YII. — Average  per  cent  of  syphilifi  for  five-year  periods. 


Colored. 

White. 

Colored. 

White. 

18  to  22 

28.39 
36.40 
40.75 

10.35 
16.68 
20.85 

33  to  37 

4.3.20 
43.83 

24.22 

53  to  27 

37  to  411 

28.82 

28  to  32 

1  The  jTroup  37  to  41  contains  those  men  who  were  over  41. 

In  comparing  these  figures  for  the  increase  of  syphilis  with  age  it 
|"will  be  seen  that  between  the  years  of  18  to  41  there  is  an  increase 
of  approximately  15  per  cent  for  negroes  and  an  increase  of  approxi- 
mately 18  per  cent  for  whites.  These  figures  also  indicate  that  more 
|Syphilis  is  acquired  at  an  early  age  among  negroes  than  among 
[W^hites,  since  28.39  per  cent  of  the  negroes  were  already  syphilitic 
at  the  age  period  from  18  to  22,  as  compared  with  10.35  per  cent  of 
[whites  at  the  same  age. 

The  percentage  of  syphilis  among  negro  enlisted  men  classified 
[according  to  length  of  service  is  indicated  in  Table  VIIL 

Table  VIII. 


Service. 


Number 

of  men 

Number 

exam- 

positive. 

ined. 

259 

90 

237 

69 

187 

75 

68 

22 

33 

11 

178 

69 

2S3 

121 

Per  cent 
positive. 


Under  1  year. 

1  to  2  years.. 

2  to  3  years... 

3  to  4  years.., 

4  to  5  years . . 

5  to  10  years. 
Over  10  years 


34.74 
29.11 
40.10 
32.35 
X^.33 
3S.76 
42.75 


While  this  table  indicates  a  tendency  for  an  increase  in  the  per- 
centage of  syphilis  with  an  increased  number  of  years  of  service,  it 
is  much  more  irregular  than  the  increase  shown  to  result  with  in- 
creasing age.  This  is  partly  due  to  the  small  groups  obtained  for 
certain  periods  of  service,  but  is  chiefly  due  to  the  fact  that  length 
of  service  bears  no  constant  relation  to  the  age  of  the  individual. 
Thus  there  were  many  men  who  had  long  service,  but  who  were 
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quite  young,  because  they  enlisted  at  a  very  early  age,  and,  on  the 
other  hand,  there  were  a  number  of  men  of  30  years  and  over  in  their 
first  enlistment. 

There  is  nothing  in  this  table  to  indicate  that  a  disproportionate 
amount  of  S37^hilis  is  contracted  during  the  period  of  service  in  the 
Army.  On  the  contrary,  a  study  of  these  tables,  both  for  whites  and 
negroes,  indicates  that  age  is  the  real  factor  governing  the  prevalence 
of  syphilis  and  that  service  in  the  Army  has  probably  little  to  do 
with  the  prevalence  of  infections,  except  that  probably  they  are  not 
so  numerous  in  the  service  as  they  would  be  outside  the  service.  As 
a  matter  of  fact,  34.74  per  cent  of  men  with  less  than  one  year  of 
service  were  positiA^e  by  the  Wassermann  reaction,  and  if  they  are 
syphilitic  it  is  a  fair  presumption  that  they  acquired  the  infection 
before  entering  the  service.  This  accords  with  the  observation 
alread}^  made  that  many  negroes  acquire  syphilis  at  a  very  early  age, 
and  indicates  that  the  application  of  the  Wassermann  reaction  to  re- 
cruits may  be  even  more  useful  to  the  service  in  the  case  of  negroes 
than  whites.  It  may  be  further  seen  that  there  is  an  increase  of  only 
8  per  cent  of  positives  for  those  men  having  more  than  10  years 
as  compared  with  those  having  less  than  1  year.  All  of  these  facts 
indicate  that  the  service  is  in  no  way  to  be  blamed  for  the  large 
number  of  cases  of  s^^philis  among  negro  enlisted  men.  I  have  had 
an  opportunity  to  examine  598  negroes  in  civil  life.  Of  267  male 
patients  in  the  Washington  Asylum  Hospital  39.70  per  cent  gave  a 
double  plus  Wassermann.  Of  105  female  patients  in  the  Washington 
Asylum  Hospital  42.85  per  cent  gave  a  double  plus  Wassermann.  Of 
226  males  who  were  in  the  jail  for  vagrancy  and  minor  offenses 
31.40  per  cent  gave  a  double  plus  Wassermann.  To  be  sure  these 
were  a  rather  poor  class  of  negroes  and  inferior  in  every  respect  to 
our  enlisted  men.  But  the  fact  that  the  incidence  of  syphilis  among 
this  class  of  negroes  in  civil  life  is  so  very  high  is  an  additional 
indication  that  so  far  as  the  high  figures  for  the  colored  enlisted  men" 
are  concerned  we  are  dealing  with  a  radical  question  with  which  the 
Army  life  per  se  has  nothing  to  do. 


THE  PREVALENCE  OF  SYPHILIS  AMONG  THE  ENLISTED  MEN  OF 
THE  PORTO  RICO  REGIMENT  OF  INFANTRY. 


The  enlisted  personnel  of  the  Porto  Rico  regiment  of  Infantry 
consists  practically  exclusively  of  native  Porto  Kicans.  It  was 
thought  that  a  study  of  the  prevalence  of  syphilis  in  this  gi-oup 
would  prove  interesting,  not  only  in  itself  but  as  a  comparison  with 
the  surveys  on  other  enlisted  men  in  the  United  States.  This  study 
Was  accordingly  undertaken,  with  the  cooperation  of  Maj.  B.  H. 
Dutcher,  Medical  Corps,  the  surgeon  on  duty  with  the  regiment  at 
San  Juan,  P.  R. 

The  first  few  specimens  of  blood  sent  in  were  so  bad  that  some 
doubt  was  entertained  as  to  the  possibility  of  performing  Wasser- 
mann  reactions  on  specimens  sent  from  this  distance.  However,  a 
method  w^as  arrived  at  whereby  only  serum  was  sent.  As  a  result,  it 
has  been  found  that  excellent  specimens  can  be  secured  from  points 
as  far  away  as  Porto  Rico,  providing  sterile  serum  alone  is  sent.  The 
success  of  the  work  is  due  to  the  interest  that  Maj.  Dutcher  and 
Lieut.  Arturo  Carbonell,  Medical  Reserve  Corps,  have  taken  in  it, 
for  they  took  all  the  specimens  personally,  with  the  result  that  the 
specimens  when  received  at  this  laboratory  were  in  much  better  con- 
dition than  is  frequently  the  case  with  specimens  from  a  short  dis- 
tance that  have  been  collected  less  carefully. 

The  survey  was  based  upon  a  single  Wassermann  reaction  in  each 
case,  except  that  in  20  cases  the  reaction  was  repeated  for  various 
reasons. 

Practically  all  enlisted  men  in  the  command  were  included,  with 

the  exception  of  those  absent  on  detached  service.     Seven  Americans 

(2-| — f-,  1+,  4—)  were  included  in  this  survey.     All  others  are  native 

Porto  Ricans.     The  results  of  this  Wassermann  survev  are  shown  in 

Table  I. 

• 
Tablk    I. — RcsKlffi   of   Waftserma)}    survey   of  531   rnlistr<]  men    of  Porto   Rico 

rvgimcnt  of  Infanrii. 


Number  examined. 

+  + 

+ 

+  - 

- 

Number. 

Per  cent. 

Number. 

Percent.  Number. 

Per  cent. 

Number. 

Percent. 

631 

199 

37.48 

82 

15.44 

51 

9.60 

199 

37  48 

Maj.  Dutcher  also  investigated  the  sick  i-eports  of  these  men  and 
furnished  me  with  a  record  of  all  diagnoses  obtainable  in  which  the 

45 
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cause  of  admission  might  have  some  bearing  on  the  venereal  history. 
Maj.  Dutcher  states: 

The  data  in  regard  to  entries  on  sick  report  are  as  accurate  as  they  can  be 
made,  I  think.  I  am  personally  responsible  for  all  diagnoses  after  August  29, 
1913.  That  is  not  to  say  that  they  are  correct  after  that  date,  but  they  have 
been  made  as  carefully  as  possible,  taking  all  the  attendant  circumstances  into 
consideration,  I  have  put  down  for  all  the  men  every  diagnosis  that  I  thought 
might  bear  in  any  way  on  a  treponematous  infection.  The  exact  phraseology 
of  the  card  has  not  always  been  followed,  but  the  lesion  has  been  put  down 
with  abbreviations  that  you  will  understand.  A  few  men,  not  over  five  at  the 
outside,  had  diagnoses  that  should  have  gone  down,  but  I  was  not  able  to  posi- 
tively identify  the  names.  In  all  cases  where  entries  are  made  you  can  rely 
on  their  accuracy,  so  far  as  transcription  from  our  records  are  concerned. 

I  have  tried  to  use  an  equal  amount  of  care  in  tabulating  this  data. 
An  endeavor  is  made  in  Table  II  to  indicate  the  relation  of  the  Was- 
sermann  to  the  history  of  each  man.  In  this  table  the  -1 — |-, 
-j-,  -|-~5  and  —  cases  are  successively  analyzed.  Since  it  would  be 
impossible  to  present  each  case  under  its  exact  diagnosis,  certain 
headings  are  used  which  should  be  described.  The  cases  under  the 
heading  "  Diagnosed  as  syphilis  "  include  all  cases  in  which  the  diag- 
nosis of  syphilis  in  any  stage  was  actually  made  on  the  sick  report. 
No  cases  are  included  in  Avhich  the  diagnosis  of  syphilis  was  not 
actually  made,  no  matter  how  apparent  the  syphilitic  origin  of  the 
lesion  might  appear. 

The  heading  "  Not  so  diagnosed,  but  having  symptoms  of  syphilis  " 
includes  cases  in  which  from  the  history  alone,  aside  from  the  "\Vas- 
sermann  reaction,  a  diagnosis  of  syphilis  would  appear  almost  cer- 
tain or  extremely  probable.  Thus  all  will  agree  that  a  man  with  a 
diagnosis  of  chancroid  in  Maj^,  1910;  inguinal  adenitis  nonsuppura- 
tive in  December,  1910;  acute  muscular  rheumatism  in  191'2,  and 
orchitis  in  1913  is  probably  syphilitic.  Such  a  case  would  be  included 
under  this  heading,  although  there  is  a  history  of  a  chancroid.  In  the 
same  way,  cases  with  a  history  of  aortitis  and  sudden  death,  or  sud- 
den paralysis,  general  glandular  enlargement,  persistent  leg  ulcers, 
etc.,  are  included  under  this  heading. 

Under  the  heading  ''  No  histor}-  of  syphilis  but  history  of  chan- 
croids" are  iiicluded  all  cases  in  which  there  is  no  history  pointing 
directly  toward  sj'philis,  but  where  there  is  a  positive  diagnosis  of 
chancroids.  This  does  not  include  all  cases  of  chancroids,  because 
many  cases  of  diagnosed  syphilis  and  those  not  diagnosed  but  with 
symptoms  of  syphilis,  also  had  a  history  of  having  chancroids. 

Under  the  lieading  "No  history  of  syphilis  or  chancroids  but  his- 
tory of  gonorrhea''  are  included  all  the  cases  with  a  history  of  gonor- 
rhea that  had  not  ah'eady  been  classified  under  a  previous  heading. 
Thus  a  case  with  a  history  of  both  chancroids  and  gonorrhea  would 
be  classified  under  the  former  heading,  because  the  purpose  of  the 
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present  table  is  not  to  include  all  venereal  infection,  but  to  show  the 
relation  of  the  history  to  the  Wasserniann  reaction.  The  cases 
(liji^nosed  as  chancroidal  infection  are  far  more  likely  to  be  .syphilitic 
in  reility  than  are  the  cases  dia<(no.sed  gonorrhea.  Ilence  all  cases 
with  a  double  infection  in  this  classification  are  included  under  the 
headin<^  most  apt  to  show  their  relation  to  syphilis.  The  total  amount 
of  venereal  infection  is  shown  in  a  separate  table. 

Under  the  heading  "  No  venereal  history  "  are  included  those  cases 
having  no  entries  on  the  sick  report  that  would  indicate  a  venereal 
infection.  It  will  at  once  be  seen  that  this  is  something  vastly  differ- 
ent from  the  statement  that  they  have  had  no  venereal  history.  No 
such  statement  is  made,  but  merely  that  there  is  no  record  of  such 
infection. 

Table   II. — One   hundred   and    ninety-nine   eases    having   a    ++    Wassermann 

analyzed  aeeording  to  their  history. 


History  as  shown  on  sick  report. 

Number. 

Per  cent 
of +  + 
cases. 

Per  cent 

of  total 

syphilis.' 

Per  cent 

of5:U 
examined. 

Diagnosed  as  s>'philis 

46 
37 
26 
13 
77 

23.11 
18.59 
13.06 
6.53 
38.69 

20.44 
16.44 
11.55 
5.  77 
34.22 

8.67 

Not  so  diagnosed,  but  having  symptoms  of  syphilis 

6.94 

No  record  of  syphilis,  but  history  of  chancroids 

4  90 

No  history  of  syphilis  or  chancroids,  but  history  of  gonorrhea. . 
No  venereal  history 

2.45 
14  50 

Total 

199 

99.98 

88.44 

37.46 

Eight y-tivo  cases  ha  ring  a  +  Wasserniann  analyzed  aceording  to  their  history. 


Diagnosed  as  syphilis 

Not  so  diagnosed,  but  having  symptoms  of  syphilis 

No  record  of  syphilis,  but  history  of  chancroids 

No  history  of  syphilis  or  chancroids,  but  history  of  gonorrhea. 
No  venereal  history 


Total. 


10 
14 
14 

4 
40 

12.19 
17.07 
17.07 

4.87 
48.78 

4.44 

82 

99.98 

4.44 

l.SS 
2.63 
2.63 
.  75 
7.53 


15.42 


Fifty-one  eases  having  a  H Wasserniann  analyzed  aceording  to  their  history. 


Diagnosed  as  syphilis 

Not  so  diagnosed,  but  having  symptoms  of  syphilis 

No  record  of  syphilis,  but  history  of  chancrouls 

No  history  of  syphilis  or  chancroids,  but  history  of  gonorrhea. 
No  venereal  history 


Total. 


2 
6 
3 
2 
38 

3.92 

11.76 

5.88 

3.92 

74.50 

0.8S 

51 

99.98 

.88 

0.37 

1.11 

.56 

.37 

7.15 


9.56 


One  hundred  and  ninety-nine  cases  having  a  negative  Wasserniann  analyzed 

according  to  their  history. 


Diagnosed  as  syphilis 

14 

9 

27 

45 

1(H 

7.03 

4.52 

13. 56 

22.61 

52.26 

6.22 

2  63 

Not  so  diagnosed,  but  having  symptoms  of  syphilis 

1.69 

No  record  of  syphilis,  but  history  of  chancroids 

5  OS 

No  history  of  syphilis  or  chancroids,  but  history  of  gonorrhea. . . 
No  venereal  history 

S.47 

19.58 

Total 

199 

99.98 

6.22 

37.45 

»  225  obtained  from  Table  IV. 
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Several  facts  developed  by  this  tabulation  are  worthy  of  further 
remark. 

1.  The  comparatively  small  numher  of  syphilitic  cases  in  which 
the  diagrwsis  of  syphilis  was  made  on  the  sick  report. — Thus  in  only 
23.1  per  cent  of  the  double  plus  cases  and  in  31.9  per  cent  of  all 
svphilitics  was  the  diagnosis  made.  The  explanation  of  this  failure 
to  make  the  diagnosis  is  fairly  apparent.  Thirty-eight  and  six-tenths 
per  cent  of  the  men  giving  a  double-plus  reaction  have  no  record  of 
venereal  disease  and  were  detected  only  by  the  Wassermann  reac- 
tion. As  is  the  case  with  troops  in  the  United  States,  many  of  these 
cases  were  probably  contracted  prior  to  enlistment  and  had  passed 
their  secondary  period  before  entering  the  service. 

Further,  the  Wassermann  reaction  has  only  become  available  for 
the  men  of  this  command  quite  recently,  and  all  of  these  diagnoses 
were,  therefore,  based  on  the  clinical  history  alone.  Had  the  Was- 
sermann been  secured  before  making  the  diagnosis,  many  cases  hav- 
ing suspicious  lesions  would  have  been  diagnosed  as  syphilis.  How- 
ever, even  with  the  Wassermann  as  it  is  used  to-day  in  the  service, 
the  greater  percentage  of  syphilis  remains  undiagnosed. 

Bearing  in  mind  the  careful  work  that  has  been  done  by  Maj. 
Dutcher,  it  may  be  assumed  that  diagnoses  have  been  made  in  this 
command  at  least  as  thoroughly  as  in  other  posts  in  the  service.  The 
68.1  per  cent  of  syphilis  remaining  undiagnosed  therefore  represents 
about  the  proportion  of  syphilis  that  probably  remained  undiagnosed 
at  any  post  in  the  service  before  the  general  introduction  of  the 
Wassermann  reaction. 

Comparing  these  figures  with  those  obtained  in  the  survey  of 
white  enlisted  men  in  the  United  States,  where  the  Wassermann 
reaction  has  been  used  to  a  greater  or  less  extent  for  the  past  five 
years,  we  find  that  in  the  latter  case  there  was  an  average  of  3.44: 
per  cent  of  the  men  examined  on  the  sick  report  for  syphilis,  while 
the  total  amount  of  imdoubted  syphilis  among  these  men  was  8.21 
per  cent.  That  is,  in  the  United  States,  with  the  assistance  of  the 
Wassermann  reaction  for  diagnostic  purposes,  41.86  per  cent  of  all 
svphilitics  were  carried  on  the  sick  report  and  58.14  per  cent  re- 
uiained  undiagnosed,  while  in  Porto  Rico,  without  the  assistance  of 
the  Wassermann  reaction,  31.9  per  cent  of  all  svphilitics  were  so 
diagnosed  and  68.1  per  cent  remained  undiagnosed.  The  ditference 
between  the  percentage  of  total  svphilitics  diagnosed  in  the  United 
States  and  Porto  Rico  constitutes  eloquent  testimony  in  favor  of  the 
vahie  of  the  Wassermann  reaction  as  used  in  the  military  service 
to-day  for  diagnosis.  The  difference  between  the  jiercentage  of  total 
syi)hilitics  diagnosed  in  the  Ignited  States  (41.86)  and  the  per- 
centage  remaining   undiagnosed    (58.14)    constitutes   the   strongest 
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possible  argument  for  the  further  extension  of  the  use  of  the  Wasser- 
mann  reaction  ah)ng  the  lines  that  will  be  described  later. 

2.  The  prohahility  that  supposed  chancroidal  infections  are  in 
reality  syphilitic. — Textbooks  and  teachers  of  experience  formerly 
formulated  an  elaborate  (lin'ereiitial  diagnosis  between  chancroids 
and  chancre.  It  has  l)een  the  experience  in  this  hiboratory.  gained 
from  following  the  Wassermann  reaction  and  subse(iuent  history  in 
a  large  number  of  venereal  sores,  that  when  the  diagnosis  of  chancre 
was  definitely  made  the  subsequent  events  almost  invariably  showed 
this  diagnosis  to  be  correct.  Quite  the  reverse  is  the  case  with  regard 
to  diagnoses  of  chancroids.  In  a  very  large  percentage  of  such  cases 
the  subsequent  history  has  show-n  conclusively  that  the  lesion  was  the 
primary  sore  of  syphilis.  This  can  only  mean  that  in  many  cases  the 
primary  sore  of  syphilis  is  atypical  and  resembles  the  classical  pic- 
ture of  chancroid,  or  that  a  double  infection  with  chancroid  and 
syphilis  frequently  occurs,  the  chancre  being  masked  by  the  appear- 
ance of  the  chancroid.  This  latter  supposition  is  rather  improbable 
])ecause  of  the  very  short  incubation  period  of  chancroid  and  the 
very  long  incubation  period  of  chancre.  At  all  events  it  is  certain 
that  many  sores  apparently  chancroid  are  in  reality  the  primary 
sore  of  syphilis,  and,  therefore,  any  sore  appearing  on  the  genitals 
should  be  suspected  of  being  the  primary  sore  of  syphilis.  Repeated 
search  for  treponemata  and  repeated  Wassermann  reactions  should  be 
made  in  all  such  cases.  These  statements  are  emphasized  by  the  present 
table,  which  shows  that  13  per  cent  of  all  the  double  plus  cases  and  17 
per  cent  of  all  the  plus  cases  having  no  history  of  syphilis  did, 
however,  have  a  history  of  chancroidal  infection.  But  this  table  does 
not  bring  out  the  full  importance  of  this  point  for  the  reason  that 
many  cases  diagnosed  as  syphilis  because  of  secondary  or  tertiary 
symptoms  actually  had  a  history  of  chancroidal  infection  but  no  his- 
tory of  a  chancre.  Analysis  of  these  cases  shows  that  of  the  106  cases 
having  a  history  of  chancroid  47,  or  41.34  per  cent,  are  now  un- 
doubtedly syphilitic,  as  shown  by  a  positive  diagnosis  of  syphilis  or 
Wassermann  reaction  (H — h)?  although  they  have  no  history  of  a 
chancre.  In  addition,  14,  or  13.2  per  cent,  of  the  total  number  of 
chancroidal  infections  have  a  plus  Wassermann  reaction  (  +  )  and  are 
probably  syphilitic. 

3.  The  facts  as  to  diagnosis  collected  by  Maj.  Dutcher  and  ana- 
lyzed in  this  table  permit  a  comparison  to  be  drawn  between  the 
method  used  in  estimating  the  number  of  undoubted  and  probable 
syphilitics  in  other  surveys  in  this  series,  and  an  estimation  of  the 
number  of  syphilitics  based  on  the  clinical  history  of  each  case  in 
conjunction  with  the  Wassermann  reaction,  since  both  methods  may 
be  used  in  this  series. 

97881°r-15 i 
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Thus  in  the  case  of  the  Wassermann  survey  on  recruits,  in  which 
case  no  clinical  data  whatever  were  available,  -7.75  per  cent  of  double 
plus  reactions  and  9.02  per  cent  plus  reactions  were  obtained.  From 
this  we  concluded  that  T.75  per  cent  of  recruits  were  undoubtedly 
sphilitic  and  9  per  cent  more  were  probably  syphilitic. 

In  the  case  of  the  Porto  Eicans,  37.48  per  cent  gave  a  double  plus 
reaction  and  15.44  per  cent  gave  a  plus  reaction.  If  in  a  similar 
manner  we  should  estimate  that  37.48  per  cent  are  undoubtedly 
syphilitic,  and  15.44  per  cent  more  are  probably  syphilitic,  how  much 
would  this  under  or  overstate  the  case?  In  order  to  bring  out  this 
point  Table  III  Avas  constructed,  and  from  it  we  observe — 

Table  III. 

Estimation  of  numher  of  undoubted'  sypliilitics  hy  combined  Wassermann  and 

history  on  sick  report. 


Diagnosis  made  by- 


Number. 


Per  cent  of 

number 
examined. 


+ -I- Wassermann 

4- Wassermann  diagnosed  as  syphilis 
+ Wassermann  symptoms  of  syphilis 

H — Wassermann  diagnosed  as  syphilis 
—Wassermann  diagnosed  as  syphilis 

Total 


199 

10 

14 

2 

14 


37.48 

1.88 

2.63 

.37 

2.63 


239 


45.00 


Estimation  of  number  of  probable  sypliilitics  by  combining  Wassermann  and 

history  on  sick  report. 


Diagnosis  made  by- 


Number.     Per  cent. 


Undoubted  syphilitics 

+Cases  with  history  of  chancroids 

+— Cases  having  symptoms  of  syphilis 

+— Cases  having  history  of  chancroids. 

—Cases  having  symptoms  of  s>T)hilis 

+Cases  with  history  of  gonorrhea. . . 

Total 


45.00 
2.63 
1.11 

.56 
l.(i9 

.75 


51.79 


that  estimated  in  this  way  45  per  cent  are  undoubtedly  syphilitic,  as 
compared  to  the  estimate  37.48  per  cent  based  on  the  Wassermann 
alone,  and  that  the  undoubted  and  probable  syphilitics  total  51.79 
per  cent  as  compared  to  the  estimate  of  52.9  per  cent  based  on  the 
Wassermann  alone. 

This  would  seem  to  indicate  that  our  estimates  of  total  syphilitics 
based  on  the  Wassermann  alone  is  very  conservative  and  well  within 
the  facts,  as  has  already  been  claimed. 

The  estimate  of  total  undoubted  and  probable  syphilitics  based  on 
the  Wassermann  reactions  alone  is  a  trifle  higher  than  that  based  on 
the  history  and  Wassermann  combined.  It  must,  however,  be  pointed 
out  that  while  nearl}^  50  per  cent  of  the  Porto  Eicans  having  a  plus 
Wassermann  had  no  venereal  history  whatever  so  far  as  the  sick 
report  shows,  this  does  not  by  any  means  exclude  the  possibility  that 
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some  of  them  were  actually  .syphilitic.  Thirty-ei<?ht  and  sixty-nino 
one-hnndredths  per  cent  of  the  men  having  a  doul)le  ])lus  Wasser- 
mann  also  had  no  record  of  a  venereal  infection.  If  any  reliance 
whatever  is  to  l)e  placed  on  the  double  i)lus  Wassermann  as  a  diag- 
nostic sign  of  syphilis,  this  can  only  indicate  that  many  cases  of 
sy[)hilis  are  present  in  the  service  without  ever  having  appeared  on 
the  sick  report.  If  this  is  true  for  the  double  ])lus  reactions,  it  may 
be  assumed  that  it  is  also  true  in  the  case  of  the  plus  reacticms,  though 
perhaps  to  a  lesser  extent.  The  estimate  of  probable  syj)hilitics  based 
on  the  Wassermann  alone  exceeds  the  estimate  based  on  the  Wasser- 
mann as  interpreted  by  the  clinical  history  solely  because  of  the 
large  number  of  the  plus  cases  without  any  history  whatever.  In 
view  of  these  facts  it  is  believed  that  the  estimate  of  probable  syphi- 
litics  based  on  the  Wassermann  reaction  alone  is  a  closer  approxima- 
tion to  the  facts  than  is  obtained  by  the  method  used  in  Table  III. 

Table  IV  is  compiled  in  accordance  with  the  method  used  in  the 
other  surveys  on  enlisted  men  in  the  United  States  where  the  num- 
ber of  syphilitics  actually  under  treatment  was  known.  This  table 
also  shows  the  undoubted  syphilitics  a  little  lower  than  is  shown  by 
Table  III,  while  the  probable  syphilitics  are  somewhat  higher,  and 
the  same  reasoning  will  explain  the  slight  discrepancy. 

Table  IV. — Calculation  of  number  and  per  cent  of  si/philitics  by  fianic  method 
lined  in  other  surveys  on  enlisted  men. 


Number  examined. 

Known 
syphilitics. 

+  + 

Total 
undoubted 
syphilitics. 

.+ 

Total  probably 
syphilitic. 

Num- 
ber. 

Per 

cent. 

Num- 
ber. 

Per 
cent. 

Num- 
ber. 

Per 

cent. 

Num- 
ber. 

Per 
cent. 

Num- 
ber. 

Per 
cent. 

531 

>  72 

13.55 

a  153 

28.81 

225 

42.37 

3.72 

13.55 

297 

55.93 

1  40+  +  ,  10+,  2+-,  14-.        '•'  199+  +  ,  -46  known  syphilitics.        3  S2+,  -10  known  syphilitics. 

The  facts,  as  shown  in  this  table,  would  seem  to  indicate  that 
syphilis  is  extremely  prevalent  among  the  enlisted  men  of  the 
Porto  Rican  Kegiment  as  compared  with  white  enlisted  men  in  the 
United  States,  since  the  estimates  in  both  cases  are  made  according 
lo  the  same  method.  If  the  facts  presented  and  the  deductions  drawn 
from  them  are  correct,  they  can  only  be  explained  on  the  supposition 
that  syphilis  is  extremely  common  among  the  civil  population  of 
the  island,  since  syphilis  in  soldiers  can  only  be  acquired  from  the 
civilian  population,  and  that  sexual  morality  is  probably  on  a  lower 
plane  than  obtains  among  the  white  enlisted  men  in  the  United 
States.  The  latter  will  appear  quite  probable  to  anyone  who  had 
had  some  experience  in  Latin-American  countries  in  the  Tropics. 
This  would  seem  to  indicate  that  possibly  syphilis  as  well  as  hook- 
worm infestation  is  important  in  the  production  of  the  anemias 
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and  debilitated  conditions  said  to  be  so  common  among  the  poorer 
inhabitants  of  Porto  Rico.  Several  of  the  double  plus  cases  in  this 
series  were  diagnosed  as  anemia  without  hookworms.  The  writer 
is  inclined  to  believe  that  too  much  importance  has  been  ascribed  to 
the  hookworm,  particularly  in  our  Southern  States.  Syphilis,  tuber- 
culosis, malaria,  and  malnutrition  may  not  sound  so  romantic  as 
hookworm  disease,  but  no  arguments  are  necessary  to  .demonstrate 
their  potency  in  undermining  the  health  of  a  population. 

While  no  attempt  has  been  made  in  this  bulletin  to  investigate 
the  prevalence  of  chancroids  and  gonorrhea,  the  history  of  each  man 
was  given  with  regard  to  these  diseases  by  Maj.  Dutcher.  The  sta- 
tistics of  all  venereal  infections  have  therefore  been  compiled  in 
Table  V,  showing  also  the  number  of  cases  having  a  history  of  hav- 
ing had  two  or  all  three  of  the  venereal  infections.  No  attempt, 
however,  has  been  made  to  tabulate  duplicate  admissions  for  the 
same  disease,  of  which  there  were  many  instances,  some  men  having 
had  gonorrhea  or  chancroids  on  three  or  four  separate  occasions. 

Table   V. — Showing   diagnoses  for  all   three   veneral   diseases. 

Disease.  Number.    Per  cent. 

History  of  syphilis '. 72  13. 55 

History  of  chancroids. 106  19. 96 

History  of  gonorrhea 123  23. 16 

Syphilis  and  chancroids 26  4. 89 

Syphilis  and  gonorrhea 27  5. 08 

Chancroids  and  gonorrhea 39  7. 34 

Syphilis,  chancroids,  and  gonorrhea 12  2. 26 

No  history  of  venereal  infection 259  48. 77 

It  will  be  seen  from  this  table  that  there  are  less  than  50  per  cent 
of  the  entire  command  that  have  not  been  on  sick  report  for  venereal 
disease.  Many  men  have  been  frequently  on  the  sick  report  for  one 
venereal  condition  after  another.  Such  figures  tend  to  show  that 
the  prevalence  of  syphilis  has  probably  not  been  exaggerated  among 
these  men,  since  the  opportunities  to  acquire  it  must  have  occurred 
pretty  frequently.  They  also  indicate  that  education  can  not  be 
expected  to  be  of  great  service  as  a  preventive  of  sexual  immorality 
and  venereal  infections.  If  men  who  have  already  experienced  the 
effects  of  venereal  disease  are  not  thereby  educated  to  abstain  from 
vice,  but  persist,  although  infected  again  and  again,  how  can  it  be 
expected  that  merely  telling  men  what  is  likely  to  happen  to  them 
will  produce  the  slightest  effect.  One  might  as  well  shoot  peas  at  a 
battleship.  So  far  as  the  Army  is  concerned,  while  instruction  with 
regard  to  the  effects  of  venereal  disease  should  be  given  from  moral 
considerations,  little  reliance  should  be  placed  on  such  instruction  as 
a  preventive  of  venereal  diseases.  An  intelligent  venereal  prophy- 
laxis, rigidly  enforced,  is  the  only  measure  that  can  effect  much  reduc- 
tion in  the  prevalence  of  venereal  diseases  among  troops. 
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Part  TII. 

THE  PREVALENCE  OF  SYPHILIS  AMONG  SOLDIERS  THAT  HAVE 
RECENTLY  LEFT  THE  SERVICE. 

THE  PREVALENCE  OF  SYPHILIS    AMONG    MILITARY    CONVICrrS. 

In  studying  the  causes  whereby  syphilitics  l)ecome  separated  from 
the  military  service,  as  indicated  by  the  syphilitic  registers  of  com- 
pleted cases,  the  surprising  fact  was  discovered  that  apparently  de- 
sertion and  convictions  by  general  court-martial  were  considerably 
less  frequent  among  these  syphilitics  than  among  enlisted  men  taken 
as  a  whole.  This  suggested  the  desirability  of  making  a  study  of  the 
prevalence  of  syphilis  among  military  convicts.  Steps  weie  at  once 
taken,  therefore,  to  secure  a  Wassermann  survey  of  the  prisoners  in 
the  military  prisons  at  Fort  Jay  and  at  Fort  Leavenworth.  At  Fort 
Jay  the  blood  specimens  were  collected  and  sent  through  the  courtesy 
of  Capt.  George  H.  Scott,  Medical  Corps.  At  Fort  Leavenworth  it 
was  found  that  a  similar  survey  had  already  been  commenced  inde- 
pendently by  Capt.  Charles  F.  Craig,  Medical  Corps,  and  290  men 
had  already  been  examined.  But  after  hearing  that  I  desired  to 
include  the  prisoners  at  Leavenw^orth  in  the  general  study  of  syphilis 
in  the  Army,  Capt.  Craig  very  generously  withdrew^  from  this  work 
and  sent  me  the  records  of  the  290  men  already  examined  by  him. 
The  blood  from  the  remaining  prisoners  was  collected  and  sent  to 
the  Army  Medical  School  by  Lieut.  Edgar  F.  Haines,  Medical 
Reserve  Corps.  I  wish  to  acknowledge  my  indebtedness  to  all  of 
these  officers.  In  making  this  survey  all  men  known  to  ha^  e  syphilis 
and  under  treatment  for  that  disease  were  excluded.  The  results 
obtained  by  the  application  of  the  Wassermann  reaction  to  the 
remaining  men  may  be  seen  in  the  following  table : 

Table  T. 


Number 
exam- 
ined. 

+  + 

+ 

± 

Num- 
ber. 

Per 
cent. 

Nuitt- 
ber. 

Per 
cent. 

Num- 
ber. 

Per 

cent. 

Num- 
ber. 

Per 
cent. 

Fort  Leavenworth  (Craig) . 
Fort  Leavenworth(Vedder) 
Fort  Jay  (Vedder) 

290 
610 
163 

31 
57 
13 

10.19 
9.34 
7.97 

18 

38 

9 

6.20 
6.23 
5.52 

6 

48 
6 

2.06 
7.87 
3.62 

235 
467 
135 

81.03 
76.55 
!^.S2 

Total 

1,063 

101 

9.50 

65 

6.11 

60 

5.64 

837 

78.72 

53 


54 
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Several  points  of  interest  are  shown  by  a  study  of  this  table.  In 
the  first  place,  Capt.  Craig  and  I  were  using  the  same  Wassermann 
reaction.  It  might,  therefore,  be  supposed  that  our  results  would 
be  similar.  Nevertheless  it  afforded  some  pleasure  to  see  how  very 
closely  the  two  sets  of  figures  corresponded,  because  this  provides  a 
satisfactory  demonstration  that  the  Wassermann  reaction  is  adapted 
to  the  purpose  for  which  it  is  used  here,  since  two  workers  can 
obtain  identical  results  with  it,  and  also  that  the  figures  above  must 
be  an  accurate  index  as  to  the  amount  of  syphilis  among  military 
prisoners,  so  far,  at  least,  as  this  may  be  ascertained  by  the  use  of 
the  Wassermann  reaction. 

The  next  point  is  that  the  percentage  of  double  plus  and  plus 
reactions  obtained  from  the  survey  at  Fort  Jay  w^as  preceptibly 
lower  than  the  percentage  obtained  at  Fort  Leavenworth.  This  may 
be  purely  a  coincidence,  and  may  be  due  to  the  fact  that  the  number 
of  men  confined  at  Fort  Jay  constitutes  too  small  a  group  upon 
which  to  base  conclusions. 

In  estimating  the  amount  of  syphilis  among  the  prisoners  it  is 
necessary  to  add  the  known  syphilitics  whose  blood  was  not  tested 
to  the  positive  reactions  obtained  among  the  remainder  of  the  pris- 
oners. It  is  difficult  to  fix  the  exact  number  of  known  syphilitics, 
for  the  reason  that  these  men  are  coming  and  going  during  the  year, 
and  the  number  therefore  varies  considerably  at  different  times. 

To  avoid  this  difficulty  it  was  determined  to  take  the  number  of 
known  syphilitics  in  the  prison  on  a  single  day.  Maj.  Kent  Nelson, 
Medical  Corps,  the  prison  surgeon,  informed  me  that  on  August  28, 
1914,  at  the  time  of  beginning  of  the  survey,  there  were  in  the  prison 
82  diagnosed  cases  of  syphilis. 

Capt.  George  H.  Scott,  Medical  Corps,  surgeon  at  Fort  Jay,  in- 
formed me  that  there  were  no  known  syphilitics  among  the  prisoners 
at  Fort  Jay  at  the  time  the  survey  was  made,  although  at  other 
times  there  had  been  a  number  of  such  cases  under  treatment. 

On  the  basis  of  these  figures,  the  following  table  may  be  con- 
structed to  show  the  amount  of  syphilis  among  the  prisoners: 


Table  II. 

Number 
exam- 
ined.i 

Known 
syphi- 
litics. 

++ 
Wasser- 
mann. 

Total 
undoubted 
syphilitics. 

Probablj 

s^^•philitlc 

+ Wassermann. 

Total 
estimated 
s\-philitics. 

Fo»"t  Leavenworth 

982 
163 

82 
0 

88 
13 

Num- 
ber. 
170 
13 

Per 
cent. 
17.31 
7.97 

Num- 
ber. 
56 
9 

Per 
cent. 
5.70 
5.52 

Num- 
ber. 
226 
22 

Per 
cent. 
23.01 

Fort  Jay 

13  49 

Total 

1,145 

82 

101 

1S3 

15.98 

65 

5.67 

248 

21.65 

1 1,063  cases  in  which  Wa.ssermann  reaction  was  performed  plus  known  syphilis. 
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Adding  together  the  15.98  per  cent  of  known  syphilitica  and  th<^ 
5.07  per  cent  of  prohable  syphilitics,  we  may  estimate  the  amount  of 
syphilis  among  prisoners  at  21.05  per  cent. 

It  will  be  seen  that  this  is  5.57  per  cent  higher  than  the  estimated 
amount  of  syphilis  among  the  enlisted  men  of  the  Army  (10.08). 

It  must  be  remembered,  however,  that  this  higher  per  cent  of 
syphilis  among  military  prisoners  is  partly  due  to  the  large  per- 
centage of  known  syphilitics  furnished  by  Maj.  Xelson.  Thus  the 
percentage  of  known  syphilitics  at  Leavenwoith  was  8.35  per  cent,  as 
compared  with  3.44  per  cent  of  known  syphilitics  for  the  enlisted 
men  of  the  Army.  It  may  be  possible  that  the  supposed  greater 
prevalence  of  syphilis  among  military  prisoners  is  to  be  explained 
partly  by  the  variations  in  the  number  of  men  who  are  diagnosed  and 
treated  for  syphilis.  This  factor,  of  course,  depends  entirely  upon 
the  activity  of  particular  surgeons  in  this  direction,  and  it  is  im- 
portant to  note  that  Maj.  Nelson  has  been  unusually  active  in  this 
direction  at  Fort  Leavenworth.  Thus,  in  his  report  for  the  year  1914, 
(see  report  of  Judge  Advocate  General,  1914,  p.  28)  Maj.  Nelson 
states : 

Venereal  disease  has  received  careful  attention.  Upon  entry  all  men  are 
carefully  examined  for  disease.  Some  conceal  the  facts  at  first,  but  after  a 
few  days  of  hard  labor  are  quite  willinji  to  use  any  means  to  escape  work. 
This  gives  us  complete  control  of  the  situation,  and  practically  all  cases  are 
found,  carefully  treated,  and  recorded.  For  example,  in  the  year  ending  June 
30,  1912,  before  my  service  began  at  this  station,  there  were  treated  during  the 
entire  year  57  cases  of  venereal  disease.  During  the  year  ending  June  30, 
1914,  there  have  been  treated  338  cases. 

Of  these  338  cases  130  were  syphilitic.  However,  this  large  num- 
ber of  known  syphilitics  in  the  military  prison  at  Fort  Leavenworth 
is  not  believed  to  be  an  adequate  explanation  for  the  high  figures 
obtained  among  military  prisoners  in  this  survey.  For  if  we  com- 
pare the  results  of  the  Wassermann  surveys  alone,  excluding  laiown 
syphilitics,  and  counting  both  double  plus  and  plus  reactions,  we 
find  10.77  per  cent  of  positive  reactions  among  accepted  recruits,  12.04 
per  cent  among  the  white  enlisted  men  of  the  Army,  and  15.01  per 
cent  among  the  military  prisoners.  We  must,  therefore,  believe  that 
there  is  really  more  syphilis  among  military  prisoners  than  among 
enlisted  men  of  the  Army,  and  there  is  a  fairly  obvious  explanation 
for  this  difference.  These  figures  certainly  afford  some  ground  for 
the  supposition  that  many  of  the  syphilitic  recruits  are  undesirable 
characters  in  other  respects  as  well,  and  that  one  reason  why  there 
are  fewer  syphilitics  in  the  Army  than  among  recruits  is  because  a 
considerable  percentage  of  these  syphilitic  recriyts  soon  Hnd  their 
way  into  military  prisons.  This  point  will  be  discussed  further 
later. 
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This  study  also  throws  considerable  light  on  the  general  subject  of  . 
the  prevalence  of  syphilis.  The  control  of  these  prisoners  was  doubt- 
less very  rigid,  and  every  effort  appears  to  have  been  taken  to  detect 
venereal  disease.  That  this  effort  was  conscienscious  and  as  effec- 
tive as  any  physical  examination  without  a  Wassermann  is  likely  to 
be  is  shown  by  the  very  high  percentage  of  cases  of  syphilis  actually 
detected.  Under  these  circumstances  it  was  most  natural  that  Maj. 
IN'elson  should  suppose  that  "  practically  all  cases  are  found,  carefully 
treated,  and  recorded."  Yet  a  Wassermann  survey  of  the  remaining 
prisoners  show  approximately  10  per  cent  of  double  plus  and  6 
per  cent  of  plus  reactions.  This  indicates  that  under  ordinary  cir- 
cumstances by  far  the  greater  amount  of  syphilis  in  any  group  is 
never  discovered.  The  individual  examined  may  either  be  ignorant 
of  the  infection  or  he  may  conceal  it.  In  either  case  the  majority 
of  the  cases  are  not  detected  by  the  usual  physical  examination.  The 
addition  of  the  Wassermann  reaction  detects  the  majority  but  not  all 
of  these  cases.  A  considerable  percentage  of  the  total  syphilitics 
escape  even  this  test.  If  all  prisoners  having  a  plus-minus  reaction 
were  tested  by  the  provocative  reaction,  or  if  all  the  prisoners  having 
a  plus-minus  or  negative  AYassermann  were  tested  by  luetin,  a  much 
higher  percentage  would  be  detected.  It  is  evident  that  the  more 
careful  and  intensive  the  study  of  any  given  group  of  men  the 
higher  becomes  the  percentage  of  syphilis  detected.  From  this  it 
may  be  deduced  that  the  majority  of  estimates  as  to  the  prevalence 
of  syphilis  in  the  community  are  far  too  low,  since  in  no  case  are 
they  based  on  such  a  thoroughgoing  examination  as  is  here  described. 


THE  PREVALENCE   OF  SYPHILIS  AMONG  INSANE  SOLDIERS  AT 
THE  GOVERNMENT  HOSPITAL  FOR  THE  INSANE. 

A  number  of  soldiers  become  insane  while  in  the  service  and  are 
sent  to  the  Government  Hospital  for  the  Insane.  Thus  Capt.  King's 
report  on  Mental  Disease  and  Defect  in  the  United  States  Troops, 
Bulletin  No.  5,  Office  of  the  Surgeon  General,  states  that  diiring 
one  year  77  enlisted  men,  4  officers,  and  7  general  ])risoners,  or  a  total 
of  89,  were  admitted  to  the  Government  Hospital  for  the  Insane 
during  one  year.  A  study  of  syphilis  in  the  Army,  therefore,  neces- 
sitates an  attempt  to  investigate  the  prevalence  of  syphilis  among 
the  insane  soldiers  at  this  institution  and  to  determine  the  im- 
portance of  syphilis  as  a  cause  of  this  insanity. 

When  this  subject  was  first  broached  it  was  found  that  Dr. 
William  H.  Hough,  in  the  course  of  his  duties  as  clinical  pathologist 
at  the  hospital,  had  already  made  a  careful  study  of  a  number  of 
these  soldiers,  including  a  Wasserman  reaction  of  the  serum  of  all 
cases,  and  a  study  of  the  spinal  fluid  in  all  cases  suspected  of  paresis 
or  cerebral  syphilis.  In  view  of  the  careful  work  that  had  been 
performed  by  Dr.  Hough,  it  would  have  been  a  waste  of  time  to 
repeat  this  examination  in  the  cases  already  studied  by  him.  I 
therefore  agreed  with  Dr.  Hough  to  make  a  AVassermann  survey  on 
as  many  cases  as  possible  in  which  the  Wassermann  reaction  had 
not  already  been  performed  by  him.  The  results  of  this  combined 
work,  including  a  study  of  1,283  cases,  Avere  published  (The  Prev- 
alence of  Syphilis  Among  the  Inmates  of  the  Government  Hospital 
for  the  Insane,  Journal  A.  M.  A.,  1915,  LXIV,  972),  with  the  fol- 
lowing conclusions: 

1.  That  among  white  men  the  presence  of  S3'philis  has  been  demon- 
strated in  20  per  cent  of  the  cases. 

2.  We  estimate  that  at  least  30  per  cent  of  the  white  males  in  this 
institution  are  syphilitic. 

3.  That  at  least  10  per  cent  of  the  insanity  in  this  institution 
is  directly  attributable  to  syphilis. 

In  the  above  study,  many  negroes  and  females  of  both  races  were 
included.  All  white  males  were  classed  together,  and  no  attempt  was 
made  to  study  the  prevalence  of  syphilis  among  soldiers,  as  a  rela- 
tively small  number  of  soldiers  had  been  studied  at  the  time  this 
paper  was  published.  I  therefore  continued  this  survey  work,  with 
the  result  that,  including  Dr.  Hough's  cases  and  my  own,  a  study  of 
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1,129  insane  white  males,  of  whom  567  were  insane  soldiers,  is  here 
presented.  The  results  of  this  investigation  are  indicated  in  the 
following  tables: 

Table  I. 


Number 
exam- 
ined. 

Known 
syphilitics. 

+  + 
Wassermann. 

+ 
Wassermann. 

Wassermann. 

Wassermann, 

Num- 
ber, 

Per 

cent. 

Num- 
ber, 

Per 

cent. 

Num- 
ber, 

Per 
cent. 

Num- 
ber, 

Per 
cent. 

Num- 
ber. 

Per 
cent. 

Army  

567 
182 
380 

20 
14 

38 

3.51 

7.69 

10.00 

47 
11 
15 

8.29 
6.04 
3.94 

42 

8 

19 

7.41 
4.40 
5.00 

56 

18 
24 

9.87 
9.S9 
6.31 

402 
131 
284 

70.90 

Navy 

71.97 

Civilians 

74.73 

Total  insane.. 

1,129 

72 

6.36 

73 

6.45 

69 

6.09 

98 

8,67 

817 

72,36 

Table  II. 


Undoubted 
sj^liilitics. 

Total. 

Probable 
sjT)hilitics. 

Total  estimated 
syphilitics. 

Syphilitics 

++ Was- 
sermann. 

Number. 

Per  cent. 

-[-Wasser- 
mann. 

Number. 

Percent. 

Army 

20 
14 

38 

47 
11 

15 

67 
25 
53 

11.80 
13.73 
13.94 

42 

8 

19 

109 
33 
72 

19.21 

Nav  V 

18.13 

Civilians 

18,94 

Average  per  cent. . . 

13.15 

18.76 

The  cases  called  known  syphilitics  were  usiialW  cases  of  paresis 
or  cerebral  syphilis  and  were  hot  included  in  the  Wassermann  sur- 
vey. The  cases  in  which  the  Wassermann  reaction  was  performed 
were  taken  at  random  by  simply  taking  all  the  men  in  certain 
buildings. 

Several  interesting  points  are  brought  out  by  a  study  of  these 
tables.  In  the  first  place,  the  percentage  of  known  syphilitics  is 
very  small  for  the  Army  (3.51)  as  compared  with  the  Xavy  (7.G9) 
or  with  civilians  (10).  Some  of  this  discrepancy  may  be  due  to 
the  error  inherent  in  the  comparison  of  small  groups,  but  more  is 
due  to  the  fact  that  many  Army  cases  were  studied  soon  after  admis- 
sion to  the  hospital  and  before  the  diagnosis  was  made.  ^Aliere  there 
were  few  known  syphilitics  the  percentage  of  double  plus  Wasser- 
mann reactions  was  high  and  vice  versa. 

There  is  apparently  no  great  variation  in  the  amount  of  syphilis 
among  the  inmates  from  these  three  different  sources.  While  un- 
doubted cases  of  syphilis  are  apparently  lower  for  the  Army  (11.8) 
than  for  the  Navy  (12.73)  or  for  civilians  (13.01),  this  relationship 
is  almost  reversed  when  undoubted  cases  and  probable  cases  are 
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classed  together,  and  the  Army  is  apparently  a  little  higher  (19.21) 
than  the  Navy  (18.13)  or  than  civilians  (18.04). 

Nothing  can  he  more  certain  than  the  fact  that  all  syphilitic  cases 
have  not  been  detected  by  this  examination,  based  in  most  instances 
on  a  single  Wassermann  reaction.  We  may,  therefore,  estimate  that 
syphilis  is  prevalent  among  insane  soldiers  to  the  extent  of  at  least 
20  per  cent. 

While  in  many  of  these  cases  syphilis  is  merely  an  incident  and 
does  not  stand  in  any  direct  causal  relationship  to  the  insanity,  yet  in 
all  cases  of  paresis  and  cerebral  syphilis  the  insanity  is  to  be  directly 
attributed  to  syphilis. 

Vedder  and  Hough  (loc.  cit.)  found  in* 616  cases  62,  or  10.06  per 
cent,  cases  of  paresis  or  cerebral  syphilis,  and  concluded  that  at  least 
10  per  cent  of  the  inmates  in  the  Government  Hospital  for  the  In- 
sane owed  their  insanity  directly  to  syphilis.  The  percentage  would 
have  been  higher  had  only  white  males  been  considered,  for  of  473 
white  insane  males,  of  whom  a  reasonably  complete  study  has  been 
made,  those  suffering  from  paresis  and  cerebral  syphilis  constituted 
13.07  per  cent.  The  percentage  for  the  Army  was  12.90,  for  the  Navy 
13.63,  and  for  civilians  12.70.  It  is  therefore  clear  that,  so  far  as  the 
Army  is  concerned,  about  13  per  cent  of  the  soldiers  sent  to  the  Gov- 
ernment Hospital  for  the  Insane  are  insane  as  a  direct  result  of  a 
syphilitic  infection;  or  if  syphilis  were  eliminated  from  the  service 
there  would  be  13  per  cent  less  insanity  developing  in  the  service  than 
is  the  case  at  present. 

The  figures  obtained  in  this  survey  are  compared  in  Table  III,  with 
the  figures  for  recruits  and  for  white  enlisted  men. 

Table  III. 


Known 
sj-philitics. 

Wasser- 
mann 

+  + 

Wa5?ser- 
mann 

+ 

Total  esti- 
mated 
sj-philitics. 

Recruits 

0 
3.44 
3.51 

7.75 
4.77 
8.29 

9.02 

7.S7 
7.41 

16.77 

Enlisted  men 

16.08 

Insane  soldiers 

19  21 

From  this  table  it  may  be  seen  that  syphilis  is  certainly  more  preva- 
lent among  insane  white  soldiers  than  among  white  enlisted  men  in 
the  service.  It  is  therefore  a  fair  deduction  that  syphilitics  tend  to 
become  eliminated  from  the  service  in  this  way  and  that  we  have 
here  another  reason  why  there  is  less  syphilis  among  enlisted  men 
than  among  recruits. 


THE    PREVALENCE    OF    SYPHILIS    AMONG    THE    PATIENTS    AT 
THE  ARMY  HOSPITAL  FOR  TUBERCULOSIS  AT  FORT  BAYARD, 

N.  MEX. 

It  has  long  been  known  that  an  infection  with  syphilis  predisposes 
to  a  tuberculous  infection,  and  a  famous  clinician  expressed  this  by 
the  statement  "  Sjq^hilis  ijiakes  the  bed  for  tuberculosis."  Recently 
there  have  been  several  investigations  confirming  this  opinion.  Thus 
Letulle,  Bergeron,  and  Lepine,^  say: 

The  clinical  and  pathological  investigations  which  we  have  pursued  for  sev- 
eral years  confirm  us  in  the  conviction  that  the  hidden  or  latent  manifestations 
of  syphilis  greatly  surpass  in  importance  the  manifest  lesions  of  the  disease, 
because  of  the  multitude  of  chronic  visceral  affections  so  produced.  The  great 
frequency  of  positive  Wassermann  reactions  among  hospital  patients  suffering 
from  diseases  of  liver,  kidneys,  of  the  cardio-vascular  apparatus  or  of  the 
nervous  system  suppports  this  belief. 

For  a  long  time  the  clinician  has  accused  syphilis  of  preparing  the  ground 
for  the  tubercle  bacillus.  For  more  than  a  year  we  have  performed  the  Wasser- 
mann on  all  tubercular  patients,  male  or  female,  without  any  selection  on  their 
entry  to  the  hospital  Boucicaut.  Thus  of  346  known  tuberculous  patients,  64 
gave  positive  reactions  and  8  doubtful,  so  that  of  100  taken  at  random  19  are 
positive.  This  is  conservative,  because  the  Wassermann,  as  is  well  known,  does 
not  detect  all  cases  of  latent  syphilis,  and  moreover  does  not  count  the  doubtful 
reactions,  which  according  to  our  experience  should  really  be  called  feebly  posi- 
tive. It  is  safe  to  state  that  1  out  of  every  5  tuberculous  is  at  some  time  in  an 
active  state  of  syphilitic  infection. 

Out  of  these  64  patients  10  knew  that  they  were  infected  with  syphilis  and 
admitted  it ;  19  patients  with  a  positive  Wassermann  came  to  autopsy  and  14 
presented  an  aorta  more  or  less  profoundly  altered. 

In  Paris  among  the  patients  in  hospital  for  pulmonary  tuberculosis  one-fifth, 
at  least,  suffer  from  syphilis  more  or  less  latent  but  which  is  still  in  full  activ- 
ity. This  is  shown  by  the  Wassermann  and  confirmed  at  all  ix)ints  by  our 
anatomo-pathologic  investigations. 

The  investigations  of  Bronfenbrenner  ^  indicate  that  the  converse 
of  this  proposition  is  also  true ;  i.  e.,  that  many  syphilitics  suffer  at 
the  same  time  with  tuberculosis. 

Bronfenbrenner  found  that  a  very  high  percentage  of  those  in- 
fected by  syphilis  gave  a  complement  fixation  for  tuberculosis,  as 

1  The  Wassermann  Reaction  in  Pulmonnry  Tnbei-oulosis.  Bull,  de  TAcad.  de  Med.  Paris, 
1014,  LXXI.  .~)1)(>. 

=^  Tlio  C'omphMnent  Dtn'ation  Test  with  Besredka's  Tuberculin  and  the  Occurrence  of 
Tuberculosis  amonp:  Syphilitics  as  Diagnosed  by  the  Test.  Archives  of  Internal  Medicine. 
Dec.  !.'-»,  ]S)14,  Vol.  XIV,  p.  786. 
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compared  with  individuals  that  did  not  suffer  from  syphilis.  Thut 
he  studied  625  cases,  of  which  108  were  diagnosed  as  syphilis,  and 
85  gave  a  positive  Wassermann  reaction,  though  admitted  to  hospital 
for  other  causes.  This  makes  a  total  of  193  syphilitics  studied.  Of 
these,  83  gave  a  positive  tuberculin  complement  fixation  reaction, 
being  about  43  per  cent.  Of  these  cases,  tuberculosis  was  clinically 
diagnosed  or  strongly  suspected  in  55  cases,  leaving  28  cases  of 
syphilis  giving  a  positive  reaction  (tuberculin)  but  in  whom  the 
presence  of  tuberculosis  had  not  been  suspected.  The  rate  of  posi- 
tive tuberculous  reaction  in  syphilitics  in  Avhom  tuberculosis  was 
not  previously  suspected  is  about  20.3  per  cent. 

Nonsyphilitics  examined  were  432  (G25-193).  Out  of  this  num- 
ber only  100  gave  a  positive  tuberculin  fixation  reaction,  or  a])out 
23.15  per  cent,  as  compared  with  43  per  cent  in  syphilitics.  Among 
these  cases  tuberculosis  was  diagnosed  or  strongly  suspected  in  80 
cases.  Bronfenbrenner  concludes  that  "the  frequent  simultaneous 
occurrence  of  the  complement  deviation  test  wdth  Besredka's  antigen 
and  the  Wassermann  reaction  in  syphilitics  is  due  to  the  fact  that 
either  syphilis  as  such  or  the  antisyphilitic  treatment  markedly  lower 
the  resistance  of  the  patients  so  as  to  make  them  either  more  sus- 
ceptible to  new  infection  to  tuberculosis  or  to  render  them  less  re- 
sistant against  the  progress  of  this  disease  previously  contracted." 

Such  findings  indicated  the  desirability  of  investigating  the  preva- 
lence of  syphilis  among  soldiers  discharged  from  the  Army  for  tuber- 
culosis. Such  patients  are  sent  to  the  Army  (Teneral  Hospital  at 
Fort  Bayard,  N.  Mex.,  and  permission  w^as  secured  from  the  Surgeon 
General  to  obtain  a  Wassermann  survey  on  these  patients.  The 
blood  specimens  for  this  purpose  were  collected  from  all  tuberculous 
patients  at  the  hospital  at  the  time  the  survey  was  made,  with  the 
exception  of  0  cases,  who  were  too  ill,  and  18  cases  having  a  history 
of  a  syphilitic  infection.  The  blood  specimens  w^ere  collected  by 
Lieut.  George  R.  Callender,  Medical  Corps,  to  whom  I  desire  to 
express  my  obligation  for  this  service.  The  Wassermann  reactions 
w^ere  performed  at  the  laboratory  of  the  Army  Medical  School  as 
promptly  as  possible  after  the  specimens  were  received,  and  the 
results  of  this  survey  are  shown  in  Table  I. 

Table  I. —  Wassrrnhnni  siirrci/  of  patients  at  Fort  Bayard. 


Number  examined. 

4-  + 

+ 

+  - 

- 

Number, 

Per  cent. 

Number. 

Per  cent. 

Number. 

Per  cent. 

Number. 

Percent. 

2n 

36 

17.00 

36 

17.06 

49 

23.22 

90 

42.65 
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I  was  informed  by  Col.  George  E.  Bushnell,  Medical  Corps,  in 
command  of  this  hospital,  that  at  the  time  this  survey  was  taken 
there  were  238  patients  in  the  hospital,  among  whom  18,  or  7.56  per 
cent,  had  a  history  of  having  had  syphilis,  but  whose  blood  was  not 
included  in  the  above  Wassermann  survey.  In  9  cases  the  blood  was 
not  sent,  because  the  patients  were  too  ill,  so  that  actually  229  cases 
were  included  in  this  survey.  Seven  and  fifty-six  one-hundredths 
per  cent  of  229  men  actually  examined  is  17.31,  which  number  is, 
therefore,  used  for  known  syphilitics  instead  of  18.  The  amount  of 
undoubted  and  probable  syphilis  at  Fort  Bayard,  estimated  in  ac- 
cordance with  the  method  used  in  other  surveys  in  this  series,  is 
shown  in  Table  II. 

Table  II. 


Number  examined. 

Known  syph- 
ilitics. 

+  + 
Wassermann. 

Total 
imdoubted 
syphilitics. 

+ 
Wassermann. 

Total 

probable 

sjrphilitics. 

Num- 
ber. 

Per 
cent. 

Num- 
ber. 

Per 
cent. 

Num- 
ber. 

Per 
cent. 

Num- 
ber. 

Per 
cent. 

Num- 
ber. 

Per 
cent. 

229    

17.31 

7.56 

36 

15.72 

53.31 

23.28 

36 

15.72 

89.31 

39.00 

In  the  interpretation  of  these  results  several  facts  must  be  consid- 
ered. A  comparatively  small  number  of  cases  were  examined,  and 
these  figures  are  therefore  open  to  this  criticism. 

Again  the  possibility  may  be  suggested  that  tuberculosis  alone  may 
give  a  certain  percentage  of  positive  Wassermann  reactions.  This  can 
hardly  be  denied  categorically.  No  claim  can  be  made  for  the  speci- 
ficity of  the  Wassermann,  and  it  is  known  that  in  certain  conditions, 
such  as  diabetes,  an  acidosis  will  result  in  a  false  positive  Wassermann 
reaction.  Under  these  circumstances  there  is  a  possibility  that  some 
of  these  reactions  may  be  false  positives.  But  this  is  not  believed  to 
be  the  case.  Investigations  that  have  been  made  have  failed  to  show 
that  tuberculosis  per  se  gives  a  Wassermann  reaction.  Such  false 
positives  therefore,  if  they  occur  at  all,  must  be  quite  rare. 

Still  further,  the  percentage  of  known  syphilitics  is  a  good  indica- 
tion that  the  Wassermann  reaction  has  not  run  unduly  high  in  this 
survey.  Eighteen  patients  out  of  238,  or  7.56  per  cent,  are  admitted 
to  have  had  syphilis.  The  percentage  of  known  syphilis  among  en- 
listed men  of  the  Army  is  only  3.44,  so  that  it  is  clear  from  the  sick 
report  alone  that  the  prevalence  of  syphilis  among  the  tuberculous 
is  more  than  twice  as  great  as  among  the  enlisted  men  on  duty  in  the 
service. 
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The  total  number  of  undoubted  syphilitics  according  to  this  esti- 
mate (23.28  per  cent)  is  ahnost  identical  with  the  results  obtained  by 
Letulle,  Bergeron,  and  liepine  in  Paris,  i.  e.,  1  out  of  5  tuberculous 
patients  are  also  syj)hilitic.  Like  the  figures  from  Paris,  this  esti- 
mate does  not  inchide  partial  reactions  or  doul)tful  cases.  The 
amount  of  syphilis  among  the  tuberculous  patients,  if  estimated  in 
accordance  with  the  usual  method  used  in  these  surveys,  is  consid- 
erably higher,  i.  e.,  39  per  cent. 

If  this  is  true,  it  may  possibly  explain  the  alleged  efficacy  of  suc- 
cinimide  of  mercury  as  a  cure  for  pulmonary  tuberculosis.  It  may 
be  remembered  that  several  years  ago  Dr.  Barton  Lisle  Wright,  of 
the  Navy,  advocated  this  treatment  and  reported  great  improvement 
in  tuberculous  cases  following  its  use.  The  writer  is  inclined  to 
believe  that  the  actual  results  obtained  by  Dr.  Wright  following 
this  treatment  were  not  in  the  least  exaggerated,  but  that  the  conclu- 
sion that  tuberculosis  is  thei*ieby  cured  is  an  error.  If  this  large 
percentage  of  the  tuberculous  suffer  from  syphilis,  it  is  more  probable 
that  when  mercurial  injections  were  used  on  a  number  of  tuberculous 
patients  in  many  cases  their  syphilitic  infection  Avas  controlled,  thus 
giving  them  sufficient  strength  and  physical  resistance  to  overcome 
their  tuberculous  infection. 

If  there  is  the  slightest  truth  in  this  supposition,  it  follows  that 
energetic  antisyphilitic  treatment  should  form  an  indispensable  part 
of  the  treatment  of  tuberculosis  in  all  cases  in  which  there  is  a 
coexistent  syphilitic  infection.  How  can  we  expect  fresh  air  and 
good  food  alone  to  cure  a  patient  who  is  being  slowly  dragged  down 
by  an  untreated  syphilitic  infection?  It  would  seem  clear  that  a 
Wassermann  reaction  should  be  made  in  all  cases  admitted  to  the 
general  hospital  for  tuberculosis  and  that  all  cases  in  which  a  syphi- 
litic infection  is  detected  be  given  active  antisyphilitic  treatment  in 
order  that  they  may  thereby  be  assisted  to  overcome  their  tuberculous 
infection. 

The  comparative  prevalence  of  syphilis  among  recruits,  enlisted 
men,  and  the  tuberculous  is  shown  in  Table  III. 


Table  III. 


Known 
sj-philitics. 

Wasser- 
mann. 

+  -1- 

Wasser- 

maim. 

Total  esti- 
mated 
sypliilitics. 

Recruits 

0 

3.44 

7.56 

7.75 
4.77 
15.72 

9.02 

7.87 

15.72 

16.77 

Enlisted  men 

16.  IV 

Tuberculous 

39.00 

64  PEEVALENCE    OF    SYPHILIS   IN    THE  AEMY. 

In  view  of  these  figures  and  the  view  already  expressed  with  regard 
to  the  liability  of  syphilitics  to  contract  tuberculosis,  it  must  beem 
certain  that  there  is  a  tendency  for  syphilitics  to  leave  the  service 
by  this  route.  But  it  is  probable  that  this  tendency  is  of  no  great 
importance  in  reducing  the  percentage  of  syphilitics  actually  in  the 
service,  because  there  are  relatively  so  few  tuberculous. 

Since  by  all  means  we  desire  to  reduce  the  prevalence  of  tubercu- 
losis in  the  service,  this  affords  another  argument  for  the  elimination 
of  the  syphilitic  recruit.  If  this  were  to  be  accomplished  it  might 
be  confidently  expected  that  there  would  be  a  notable  decrease  in  the 
rate  for  tuberculosis  in  the  service. 


THE  PREVALENCE  OF  SYPHILIS  AMONG  THE  INMATES  OF  THE 
UNITED  STATES  SOLDIERS'  HOME,  WASHINGTON,  D.  C. 

The  medical  oilicers  wlio  have  served  at  the  Sohliers'  Home  have 
been  convinced  that  a  considerable  proportion  of  the  inmates  were 
infected  with  syphilis.  It  was  highly  desirable  to  obtain  a  survey 
of  the  inmates  of  the  home,  because  they  consist  of  a  large  number 
of  old  men  who  have  served  a  number  of  years  in  the  Army  or  who 
have  become  disabled  in  the  military  service.  The  Army  Regula- 
tions state  that  an  honest  and  faithful  service  of  20  years  in  the 
Army  or  a  disability  contracted  in  the  line  of  duty  entitle  a  soldier 
to  admission  to  the  Soldiers'  Home.  All  of  these  men  have,  there- 
fore, been  in  the  Army  for  various  periods,  and  many  of  them  for  a 
considerable  length  of  time.  Since  w^e  have  investigated  the  amount 
of  syphilis  in  recruits  entering  the  Army  and  in  the  soldiers  actually 
in  the  Army,  it  follows  that  a  survey  of  the  old  and  disabled  soldiers 
will  be  of  value  for  purposes  of  comparison. 

Moreover,  while  many  of  these  men  have  served  a  considerable 
period  in  the  Army,  many  of  them  have  also  lived  a  long  time  at  the 
home  or  at  various  other  places  since  their  discharge  from  the  Army. 
Such  old  and  decrepit  individuals  form  a  certain  i:)ercentage  of  the 
community  at  large.  Since  we  have  every  reason  to  believe  that, 
notwithstanding  public  opinion,  there  is  no  more  syphilis  acquired  in 
the  Army  than  among  similar  individuals  in  civil  life,  it  follows  that 
the  amount  of  syphilis  existing  among  these  inmates  may  be  taken 
as  a  tolerably  fair  index  of  the  amount  of  syphilis  to  be  found 
among  the  old  and  decrepit  portion  of  the  general  male  population. 

In  pursuing  this  investigation  I  have  had  the  active  assistance 
and  cooperation  of  the  authorities  of  the  Soldiers'  Home,  and  more 
particularly  of  Lieut.  Col.  James  D.  Glennan,  ^ledical  Corps,  the 
surgeon  at  the  home,  to  whom  I  desire  to  express  my  thanks  for  the 
interest  that  he  has  taken  in  this  work. 

The  inmates  of  the  home. — The  inmates  are  all  men,  with  a  very  few 
exceptions,  belonging  to  the  white  race.  A  considerable  proportion 
are  of  German  or  Irish  descent.  The  physical  condition  of  these 
men  varies  considerably.  A  number  are  in  the  home  because  they 
are  too  aged  to  care  for  themselves,  but  aside  from  the  debilities 
inseparable  from  age  are  otherwise  in  good  coiulition.  Another  con- 
siderable number  have  suffered  from  disability,  such  as  the  loss  of 
an  arm  or  leg,  but  are  otherwise  well.  A  few  are  blind,  some  have 
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been  disabled  by  chronic  dysentery  and  other  diseases  contracted  in 
the  military  service.  There  is  a  large  hospital  connected  with  the 
home  where  many  of  these  chronic  cases  spend  most  or  all  of  their 
time.  Thus  it  will  be  seen  that  while  any  inmate  of  the  home  may 
be  admitted  to  the  hospital  for  some  temporary  disability,  yet  there 
are  a  considerable  number  of  the  inmates  who  reside  there  perma- 
nently, and  some  of  these  suffer  from  conditions  that  are  manifestly 
of  syphilitic  origin,  such  as  locomotor  ataxia,  aneurism,  etc.  It  has, 
therefore,  been  thought  advisable  to  consider  the  inmates  in  the 
hospital  and  those  in  the  home  proper  in  separate  classes,  although 
it  must  be  borne  in  mind  that  at  the  time  the  survey  was  made  a 
considerable  number  of  the  patients  in  the  hospital  were  there  tem- 
porarily. There  are  no  insane  patients  at  the  home,  since  all  insane 
soldiers  or  inmates  of  the  home  who  become  insane  are  sent  to  the 
Government  Hospital  for  the  Insane. 

The  residents  of  the  home  form  a  floating  population,  ^ince  new 
men  are  entering  continuously,  and  some  are  discharged  or  leave 
voluntarily  when  the  life  no  longer  suits  them,  and,  of  course,  owing 
to  the  high  percentage  of  old  and  infirm  there  is  a  high  percentage  of 
deaths.  This  investigation  has  occupied  several  months,  during 
which  time  every  inmate  of  the  home  and  all  new  admissions  were 
examined,  so  that  there  has  been  no  selection  of  cases.  However, 
owing  to  the  fact  that  these  men  can  leave  whenever  the  fancy  takes 
them,  there  are  a  considerable  number  of  the  cases  reported  in  this 
series  in  which  a  complete  examination  was  not  made.  Thus  the 
AVassermann  may  haA^e  been  taken  and  the  man  left  before  the 
luetin  reaction  could  be  performed.  But,  Avhile  our  information  with 
regard  to  this  series  of  cases  is  not  as  complete  as  might  be  desired, 
it  may  be  fairly  claimed  that  it  is  as  complete  as  it  was  possible  to 
make  it  under  the  limitations  necessarily  imposed. 

The  age  of  the  inmates  is  a  matter  of  importance  in  an  investiga- 
tion of  this  character,  and  may  be  shown  by  the  following  table,  in 
which  the  age  is  tabulated  by  decades: 


Table  I. — Distrihuiion  of  1,111  inmates  according  to  decades  of  age. 


Af^e 

20-30 
0.8 

30-40 
4.0 

40-50 
7.2 

50-60 
18.0 

60-70 
35.8 

70-80 
29.6 

80-90 
4.G 

90-100 

Per  cent 

0 

From  this  table  it  may  be  seen  that  83.-i  per  cent  of  the  inmates  of 
the  liome  are  between  50  and  80  years  of  age,  and  that  practically 
none  of  tlicm  are  under  30  or  over  00  years  of  age. 

The  first  part  of  the  examination  of  these  inmates  consisted  in  taking 
a  Wassermann  reaction  in  every  case.    The  blood  was  collected  at  the 
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home  and  sent  by  messenger  to  the  Army  Medical  School,  where  a! I 
the  reactions  were  performed. 

The  following  table  shows  the  results  obtained  by  this  Wassermann 
survey : 

Tabll  II. —  Wassermann  survey  of  1,171  inmates  of  tlie  soldiers'  h'/mc 


Total 
number 

ex- 
amined. 

+  + 

+ 

+  - 

- 

Num- 
ber. 

Per 
cent. 

Num- 
ber. 

Per 
cent. 

5.2 
13.6 

Num- 
ber. 

Per 
cent. 

Num-       Per 
ber.       cent. 

In  home  proper 

5.'i0 
621 

59 
97 

10.7 
15.  6 

29 

So 

H3 
93 

15.08  379 

14. 9  346 

68.08 

In  iiospitai  of  home 

5.5.7 

Total 

1,171 

156 

13.4 

114 

9.7 

176 

15.0 

725 

01.9 

At  the  time  the  specimens  of  blood  were  taken  a  brief  history  with 
regard  to  venereal  disease  was  taken  from  each  man.  He  was  ahked 
if  he  had  ever  had  a  sore ;  and  if  so,  on  what  date.  Questions  were 
also  asked  to  determine  the  possible  occurrence  of  secondaries  or 
other  symptoms  of  syphilis,  and  to  determine  whether  treatment  for 
syphilis  had  ever  been  received.  In  addition  to  this  information 
obtained  from  all  cases,  a  more  or  less  complete  clinical  examina- 
tion was  available  in  the  case  of  all  those  men  who  had  been  in  the 
hospital.  The  results  obtained  from  the  Wassermann  survey  were 
then  combined  with  the  information  obtained  from  this  clinical 
examination.  In  this  connection  it  is  clear  that  w^hile  the  admission 
of  syphilis  or  of  possible  history  of  the  disease  is  of  positive  value, 
the  denial  of  all  venereal  history,  which  was  the  case  in  a  very  large 
number  of  cases,  is  of  even  less  value  than  is  generally  the  case.  The 
men  at  the  home  are  in  many  cases  receiving  pensions  from  the 
Government,  or  hope  to  receive  them,  and  venereal  diseases  being 
not  in  line  of  duty  are  naturally  disclaimed  in  order  not  to  adversely 
affect  an  otherwise  pensionable  status.  At  the  same  time  a  very 
considerable  amount  of  positive  evidence  was  obtained  as  a  result  of 
this  examination. 

In  case  the  result  of  the  Wassermann  was  double  plus  or  a  clear 
negative,  no  further  attempt  to  study  these  cases  was  made,  but  in 
the  case  of  partial  reactions,  and  paiiicularly  in  the  case  of  plus 
reactions,  the  majority  of  which  we  feel  sure  are  due  to  syphilis,  a 
further  and  more  careful  history  was  taken. 

Combining  the  results' of  the  clinical  survey  with  the  Wassermann 
survey,  and  ccmsidering  all  double  plus  cases,  all  plus  cases  having 
a  corroborative  history  of  syphilis  or  actual  symptoms  of  syphilis, 
and  all  plus-minus  and  negative  reactions  that  have  received  or  were 
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receiving  treatment  for  syphilis  as  undoubted  syphilitics,  the  fol- 
lowing results  were  obtained : 

Undoubted  syphilis — In  the  home  proper. 

Double-plus  reactions _ 59 

Plus  reactions  having  corroborative  syphilitic  history  or  physical  signs__  17 

Plus-minus  reactions  that  had  received  treatment  for  syphilis 3 

Minus  reactions  that  had  received  treatment  for  syphilis 10 

Total  undoubtedly  syphilitic 89 

The  remaining  pliis  cases,  in  whom  no  corroborative  history  or 
physical  signs  could  be  obtained,  the  remaining  plus-minus  cases, 
and  also  the  cases  having  a  negative  Wasserman  but  having  a  history 
that  was  suspicious,  but  not  sufficient  to  warrant  a  positive  diagnosis, 
were  then  grouped  as  doubtful  cases,  as  follows : 

Doubtful  cases — In  the  home  proper. 

Remaining  plus  reactions 12 

Remaining  plus-minus  cases 80 

Negative  reactions  that  gave  a  history  of  a  sore  or  of  other  symptoms  that 

might  have  been  syphilis 21 

Total  doubtful  cases 113 

Subtracting  the  positive  and  doubtful  cases  from  the  total  number 
of  cases  examined,  we,  therefore,  found  348  negative  cases  out  of  the 
550  examined. 

With  regard  to  the  cases  studied  in  the  hospital  of  the  home,  the 
results  Avere  combined  in  precisely  the  same  way,  except  that  it  must 
be  remembered  that  here  we  had  a  much  more  complete  history  and 
physical  examination  at  our  disposal.  The  results  obtained  were  as 
follows : 

Undoubted  syphilis — In  the  hospital  of  the  home. 

Cases  having  a  double-plus  reaction 07 

Plus  cases  with  confirmatory  findings 50 

Plus  cases  that  have  received  treatment  for  syphilis-. . 15 

Plus-minus  cases  that  have  received  treatment  for  syphilis 18 

Negative  cases  that  have  received  treatment  for  syphilis 24 

Total  cases  undoubtedly  syphilitic 204 

Doubtful  ca.sc-s — In  the  hospital  of  the  home. 

Cases  having  a  plus  reaction  but  no  confirmatory  findings 20 

Cases  having  a  plus-minus   reaction.     Many  of  these  cases  had  some 

history  or  physical  sitins,  but  insufficient  to  make  a  positive  diagnosis..         7."» 

Cases  having  a  negative  reaction  but  a  suspicious  history  or  physical 
signs 29 

Total  doubtful  cases 124 
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Substnicting  the  positive  and  doul)tful  cases  from  the  total  G21 
cases  examined,  there  remain  2iK\  negative  cases, 
fc      These  results  are  shown  more  clearly  in  the  following  table: 

Tahi.k   n. — Conihine'd  Waftsennann  a  ml  cHnicdl  sunr)/  of  1,171   inmaten. 


• 

Totj\l  ex- 
amined. 

550 
621 

Undoubted  syphi- 
lis. 

Doubtful,         i         Negative. 

In  home  jjroper 

Number. 

89 
204 

Per  cent. 
16.1 
32.8 

Number. 
W.i 
124 

Per  cent.    Number. 
20.5  1           348 
19.9  ,            293 

Per  cent. 
6.3.2 

In  hospital  of  home 

47.1 

Total 

1,171 

293 

25.0 

237 

20.2              Ml 

54.7 

In  order  to  obtain  further  information  Avith  regard  to  these  cases 
it  was  intended  to  perform  a  luetin  reaction  on  all  of  these  1,171 
men,  with  the  cooperation  of  Lieut.  William  B.  Borden,  Medical 
Corps.  How^ever,  we  found  that  during  the  several  montlis  occupied 
with  the  previous  examination  many  of  our  cases  had  died,  had  left 
the  home,  or  w^ere  temporarily  absent,  so  that  we  were  only  able  to 
perform  the  luetin  reaction  on  744  of  the  1,171  cases. 

The  luetin  used  was  very  kindly  furnished  by  Dr.  Hideyo  Xoguchi, 
of  the  Rockefeller  Institute  for  Medical  Research,  to  whom  we  are 
very  much  indebted  for  this  favor.  The  luetin  as  received  was 
diluted  with  an  ecjual  part  of  0.8  per  cent  salt  solution,  and  0.08  c.c. 
was  injected  into  the  skin  of  the  upper  arm,  great  pains  being  taken 
to  insure  the  production  of  an  intradermic  injection.  Three  read- 
ings were  made  on  all  of  these  cases  7,  14,  and  21  days  later,  or  as 
near  those  dates  as  practicable,  and  the  results  were  recorded  as 
double  plus,  plus,  plus  minus,  and  minus. 

These  readings  and  their  interpretation  ttnd  the  comparison  of 
the  results  obtained  in  the  same  indi\idual  from  the  application 
of  the  Wassermann  reaction  and  the  luetin  test  have  all  been  dis 
cussed  elsewhere.^  It  is  therefore  only  necessary  to  show  here  how 
the  results  of  this  luetin  test  affected  the  syphilitic  survey  made  on 
these  men.  P'or  this  purpose  we  may  ignore  all  luetin  results  in 
those  cases  already  loiown  to  be  syphilitic,  simply  adding  to  the 
known  syphilitics  all  of  those  doubtful  or  negative  cases  that  gave 
a  plus  or  double  plus  luetin  reaction.  In  accordance  with  this 
procedure  the  following  results  were  obtained : 

In  the  home  proper. — Among  the  11*^  doubtful  cases,  2  cases  hav- 
ing a  plus  Wassermann  gave  a  double-plus  luetin,  0  cases  having  a 
plus  Wassermann  gave  a  plus  luetin,  1  case  having  a  plus-minus 
Wassermann  gave  a  double-plus  luetin,  12  cases  having  a  plus-minus 
Wassermann  gave  a  plus  luetin.     This  makes  a  total   (^f  21   cases 

^  Veddei-  and  Borden.  A  Comparison  of  the  Wassermann  and  Luetin  Reactions  in  744 
Individuals.    J.  A.  M.  A.,  1914,  LXIII,  1750. 


70  PREVALENCE   OP   SYPHILIS  IN   THE   ARMY. 

that  can  be  removed  from  the  doubtful  column  and  added  to  the 
positive  column. 

Among  those  cases  giving  a  negative  reaction  13  cases  gave  a 
double-plus  luetin  and  GG  gave  a  plus  luetin,  making  a  total  of  79 
cases  to  be  removed  from  the  negative  column  and  added  to  the 
positive  column,  as  follows : 

Positive  cases  from  Table  II 89 

Cases  that  were  doubtful  in  Table  II  and  added  to  the  positives  as  a 

result  of  the  luetin  test 21 

Cases  that  were  negative  in  Table  II  and  added  to  the  positives  as  a 

result  of  the  luetin  test 79 

Total  positively   syphilitic 1S9 

Subtracting  these  21  cases  from  the  113  dfmbtful  in  Table  II  leaves 
a  total  of  92  doubtful  cases. 

Subtracting  the  above  79  cases  from  the  348  negative  cases  in 
Table  II  leaves  a  total  of  2G9  negative  cases. 

In  the  hospital  of  the  home. — Among  the  124  doubtful  cases,  2  of 
the  cases  having  a  plus  Wassermann  gave  a  double  plus  luetin,  3  of 
the  cases  have  a  plus  Wassermann  gave  a  plus  luetin,  3  of  the  cases 
having  a  plus  minus  Wassermann  gave  a  plus  luetin,  5  of  the  cases 
having  a  negative  Wassermann  reaction  gave  a  plus  luetin,  making 
a  total  of  18  cases  removed  from  the  doubtful  to  the  positive  column. 

One  of  the  cases  having  a  negative  Wassermann  gave  a  double  plus 
luetin  and  27  of  the  cases  giving  a  negative  Wassermann  gave  a  plus 
luetin.    This  may  be  summarized  as  follows : 

Positive  cases  from  Table  II 204 

Cases  that  were  doubtful  in  Table  II  and  now  added  to  the  positives  as 

the  result  of  the  luetin  test 18 

Cases  that  were  negative  in  Table  II  and  added  to  the  jiositives  as  the 

result  of  the  luetin  test 28 

Total   positively   syphilitic 250 

Subtracting  the  18  cases  from  the  124  doubtful  cases  in  Table  II 
leaves  a  total  of  106  doubtful  cases. 

Sul)tracting  the  above  28  cases  from  the  293  negative  cases  in 
Table  II  leaves  a  total  of  265  negative  cases. 

These  results  may  be  tabulated  as  follows : 

Table  III. — Combined  Wassermunn,  crniical  and  Juctin  fiurveif. 


Total  ex- 
am med. 

Undoubted  syphi- 
lis. 

Doubtful. 

Negative. 

In  lionio  proper 

550 
621 

Number. 
189 
250 

Per  cent. 
34. 36 
40.25 

Number. 

92 

106 

Per  cent. 
16.72 
17.07 

Number. 
269 
265 

Per  cent. 
48.90 

In  hospital  of  homo 

42.67 

Total 

1,171 

439 

37.49 

198 

16.90 

534 

45.60 
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From  this  table  it  will  be  seen  that  usin^  the  Wassermann  reaction, 
the  clinical  history,  and  the  luetin  reaction  37.49  per  cent  of  the  in- 
mates of  the  Soldiers'  Home  may  be  regarded  as  undoubtedly  syph- 
ilitic, while  10.0  per  cent  are  doubtful  and  45.0  per  cent  are  negjitive. 
In  considering  these  results  it  must  be  understood  that  no  claim  is 
made  that  the  })ositive  findings  by  the  luetin  reaction  cjin  be  accei)ted 
with  the  same  c(mfidence  that  is  placed  in  the  Wassermann  reaction, 
since  there  is  no  such  general  consensus  of  opinion  with  regard  to  the 
interpretation  of  the  luetin  reaction  as  exists  in  the  case  of  the  Was- 
sermann reaction.  Plowever,  the  writer  is  inclined  to  believe  that  as 
used  in  these  cases,  the  double  plus  and  plus  reactions  are  indicative 
of  a  syphilitic  infection.  For  the  rest  it  may  be  stated  that  in  inter- 
preting the  histories  and  physical  signs  in  these  cases,  and  particu- 
larly in  the  case  of  patients  with  negative  or  plus-minus  Wassermann 
or  luetin  reactions  such  cases  have  not  been  called  syphilitic  unless 
the  clinical  evidence  was  clear  and  convincing.  It  is  believed,  there- 
fore, that  the  conclusion  that  37.49  per  cent  of  these  inmates  are 
syphilitic  is  well  within  the  limits  of  caution. 

Indeed,  a  higher  estimate  might  well  be  made,  for  only  a  single 
Wassermann  reaction  was  performed  in  these  cases.  The  histories 
and  examinations  were  necessarily  brief  in  the  case  of  inmates  not  in 
the  hospital,  and,  finally,  the  luetin  reaction  was  only  performed  in 
744  of  the  1,171  cases.  It  is  interesting  to  note  that  in  these  744  cases 
the  combined  Wassermann  and  luetin  examinations  resulted  in  338 
positives,  counting  both  double  plus  and  plus  reactions,  or  a  percent- 
age of  45.4  positive  reactions. 

It  may  be  accepted,  therefore,  without  further  argument  that  a 
more  intensive  study  of  these  1,171  cases  would  have  reduced  the  num- 
ber of  doubtful  and  negative  cases  and  swelled  the  number  known  to 
be  syphilitic.  For  present  purposes,  however,  it  is  sufficient  to  be 
certain  that  the  percentage  of  37.49  is  conservative  rather  than  an 
exaggeration. 

Bearing  this  in  mind,  and  the  fact  that  has  been  emphasized 
sufficiently  that  there  is  less  syphilis  in  the  Army  than  among  the 
same  class  of  men  in  civil  life,  we  may  conclude  that  approximately 
40  per  cent  of  syphilis  might  be  confidently  expected  in  civil  institu- 
tions devoted  largely  to  the  treatment  of  old  men  suffering  from 
chronic  diseases. 

As  in  this  study  it  has  been  possible  to  obtain  the  clinical  histories, 
it  is  thought  that  a  comparison  of  the  estimate  based  on  the  Wasser- 
mann survey  alone  with  the  estimate  based  on  the  AVassermann  reac- 
tion as  interperted  by  the  clinical  history  will  be  of  interest.  By  the 
Wassermann  survey  alone  there  were  12.4  per  cent  of  double  plus 
reactions  and  9.7  per  cent  of  plus  reactions.    In  accordance  with  the 
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method  used  in  other  parts  of  this  bulletin  when  no  data  but  the 
Wassermann  reaction  was  available,  we  would  estimate  that  12.4 
per  cent  of  the  inmates  were  undoubtedly  syphilitic,  that  9.7  per  cent 
more  were  probably  syphilitic,  and  would  place  the  total  estimated 
syphilitics  at  22.1  per  cent.  But  when  the  Wassermann  reactions 
were  interpreted  in  the  light  of  the  clinical  history  25  per  cent  of  all 
the  inmates  were  classed  as  undoubted  syphilitics,  with  20.2  per  cent 
more  doubtful.  To  be  sure,  in  dealing  with  these  old  men  there  are  a 
considerable  number  of  very  old  infections,  so  that  such  a  group 
would  be  expected  to  include  a  larger  number  of  cases  with  a  nega- 
tive Wasserman  but  a  positive  history  of  syphilis  than  would  be  the 
case  when  younger  men  and  more  recent  infections  are  studied.  But 
allowing  for  this  difference  it  appears  that  an  estimate  of  syphilis 
based  on  the  double  plus  and  plus  Wassermann  reactions  obtained 
in  a  survey  is  conservative  and  that  therefore  such  estimates  in  this 
bulletin  should  not  be  criticized  hastily. 

It  is  obvious  that  no  accurate  comparison  can  be  made  between  the 
prevalence  of  S3q3hilis  among  the  white  enlisted  men  of  the  Army  and 
the  inmates  of  the  Soldiers'  Home  owing  to  the  fact  that  different 
methods  were  used  in  making  the  investigations.  However,  if  it  be 
assumed  that  all  laiown  syphilitics,  double  plus  and  plus  Wassermann 
reactions,  in  the  case  of  the  white  enlisted  men,  i.  e.,  the  total  esti- 
mated S3^philitics  (16.08  per  cent)  may  be  compared  with  the  result 
of  the  Wassermann  as  interpreted  b}^  the  clinical  history  in  the  case 
of  the  inmates  of  the  Soldiers'  Home  (25  per  cent),  it  will  be  seen 
that  by  approximately  the  same  method  the  percentage  of  syphilitics 
is  much  higher  for  the  Soldiers'  Home.    • 

This  certainly  confirms  the  observation  previously  made  that  the 
percentage  of  syphilis  in  any  given  group  increases  steadily  as  the 
men  grow  older.  It  also  clearly  indicates  that  syphilis  plays  an  im- 
portant role  in  the  production  of  those  infirmities  for  which  certifi- 
cates of  disability  are  granted  to  these  old  soldiers,  and  that  there  is 
a  decided  tendenc}^  for  syphilitics  to  become  eliminated  from  the 
service  in  this  manner. 


THE  RELATIVE  PREVALENCE  OF  SYPHILIS  AMONG  SOLDIERS 
THAT  HAVE  LEFT  THE  SERVICE,  AS  INDICATED  BY  A  STUDY 
OF  THE  SYPHILITIC  REGISTERS  OF  COMPLETED  CASES. 

The  Syphilitic  Eegister  is  a  form  authorized  in  March,  1911. 
When  the  diagnosis  of  syphilis  is  made  in  the  case  of  an  enlisted 
man  one  of  these  forms  is  fdled  out  and  thereafter  accompanies  the 
man  as  long  as  he  remains  in  the  service.  When,  for  any  reason,  he 
leaves  the  service,  this  form  is  mailed  to  the  Surgeon  General,  and 
all  forms  so  received  have  been  kept  on  file  at  the  xVrmy  ^ledical 
School. 

These  forms,  therefore,  are  supposed  to  contain  a  complete  record 
of  every  known  case  of  syphilis  in  the  service  since  the  adoption  of 
this  system.  The  actual  results  fall  far  short  of  this  theory,  since 
many  records  are  very  incomplete  and  many  more  have  been  lost. 
But  an  effort  is  here  made  to  utilize  the  data  that  has  accumulated 
in  this  way  in  order  to  determine  in  what  way  these  known  syphilitics 
leave  the  service  and  to  compare  the  losses  of  known  syphilitics  with 
the  losses  -for  all  enlisted  men.  Such  a  comparison  should  show 
whether  syphilitics  leave  the  service  faster  than  nons^^^hilitics  and 
the  reasons  for  this  discrepancy.  The  records  were  investigated  in 
1914,  and  exactly  three  years,  from  1911-1913,  are  included  in  this 
study. 

From  figures  in  the  office  of  the  Surgeon  General,  Maj.  William 
J.  L.  Lyster,  Medical  Corps,  furnished  me  with  the  actual  number 
of  cases  of  syphilis  contracted  by  enlisted  men  during  these  years,  as 
shoAvn  in  Table  I : 

Table  I. — Actual  cases  of  syphilis  after  deducting  recurrent  admissions. 


All  American  enlisted  men. 

Total. 

Pri- 
mary. 

Second- 
ary. 

Tertiary. 

Heredi- 
tary. 

Period   '  Acquired 
undeter-   nonvene- 
mined.    ,    really. 

1 

1911 

2,919 
2,224 
1,875 

312 
374 
286 

2.288 

.SOI 

18 

11 

1 

1 

1912 

1,601              201 
1,312              216 

30 
57 

- 

1913 

3 

Total 

7,018 

972 

5,201 

718 

30               S7 

10 

From  The  Adjutant  General's  reports  it  is  found  that  the  actual 
number  of  American  enlisted  men  was  73,454  in  1911,  81,331  in  1912, 
and  81,787  in  1913.     That  is,  during  these  three  years  a  total  of 

73 
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236,572  men  acquired  7,018  cases  of  syphilis.  During  the  same  ihree 
years  95,302  men,  or  approximately  40  per  cent  of  the  total  236,572 
enlisted  men,  left  the  service. 

If  there  were  no  difference  between  syphilitics  and  nonsj^philitics 
with  regard  to  their  manner  of  leaving  the  service,  we  might  assume 
that  40  per  cent  of  the  total  infections  (7,018),  or  2,807  syphilitic 
men,  would  have  left  the  service  during  these  three  years. 

It  is  a  fact,  however,  demonstrable  by  the  syphilitic  registers,  that 
more  than  this  number  of  syphilitics  have  actually  left  the  service, 
for  covering  this  period  there  are  3,300  syphilitic  registers  actually 
on  file.  This  is  493  over  and  above  the  2,807  that  might  be  expected 
to  leave  the  service  if  syphilitics  leave  no  faster  than  other  enlisted 
men.  In  other  words,  cases  of  syphilis  are  leaving  the  service  faster 
than  new  cases  are  being  contracted.  This  point  is  made  much 
stronger  if  it  be  remembered  that  it  is  quite  certain  that  more 
syphilitics  have  left  the  service  than  is  shown  by  these  registers. 
For  while  these  registers  are  supposed  to  be  mailed  to  Washington  as 
soon  as  the  men  have  left  the  service,  some  have  certainly  been  lost. 
To  assume  that  all  haA^e  been  sent  in  would  be  to  assume  an  infalli- 
bility for  this  particular  piece  of  paper  work  that  all  officers  who 
have  had  experience  in  administrative  positions  will  admit  is  im- 
probable to  say  the  least.  It  is  only  necessary  to  point  out  that  dur- 
ing a  large  part  of  this  time  our  troops  have  been  scattered  along  the 
border  on  field  service,  which  has  rendered  it  very  difficult  to  keep 
track  of  these  registers,  and  several  medical  officers  have  informed 
me  that  numbers  of  registers  have  been  lost  in  this  way. 

It  is  also  of  considerable  interest  to  note  that  the  figures  for 
total  syphilitic  infections  (7,018)  include  all  the  tertiary  and  heredi- 
tary cases.  The  latter  were  certainly  not  acquired  in  the  service,  and 
many  of  the  tertiary  and  some  of  the  secondary  cases  were  probably 
accjuired  prior  to  enlistment. 

We  may  therefore  accept  as  the  result  of  this  study  of  the  syphilitic 
registers  that  there  is  a  decided  tendency  for  these  known  syphilitics 
to  leave  the  service  faster  than  other  enlisted  men,  and  this  con- 
clusion is  in  harmony  with  the  surveys  on  recruits  and  enlisted  men. 
from  which  it  appeared  that  there  was  rather  less  syphilis  among 
enlisted  men  than  among  the  recruits  in  spite  of  the  infections 
acquired  during  the  period  of  service. 

It  becomes  a  matter  of  some  interest  to  know  in  what  way  these 
syphilitics  have  left  the  service.  The  exact  losses  of  all  enlisted  men 
with  the  causes  may  be  found  in  the  annual  reports  of  The  Adjutant 
General,  Table  A.  When  a  syphilitic  leaves  the  service  a  notation 
is  made  on  the  register  as  to  the  manner  in  which  the  man  has  left 
the  service.    It  is,  therefore,  easy  to  make  a  comparison  between  the 
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percentage  of  losses  of  the  entire  enlisted  personnel  for  any  cause  and 
the  percerita^e  of  losses  of  syphilitics  for  the  same  cause,  as  shown 
by  the  registers. 

As  already  stated,  there  were  ^..'lOO  re^^isters  covcr'\n<f  the  period 
invest! <j^a ted  on  file.  Of  this  nuni!)er  there  were  2'->r>  registers  in 
which  the  desired  information  had  not  been  furnished  and  it  was 
impossible  to  learn  in  what  way  the  man  had  left  the  service;  308 
registers  were  sent  in  because  the  men  were  considered  cured  before 
they  had  left  the  service.  In  the  majority  of  these  cases  the  evidence 
on  which  this  opinion  was  based  did  not  conform  to  the  standard 
of  cure  outlined  in  the  instructions  printed  on  the  register.  However, 
these  cases  were  necessarily  excluded,  and  there  then  remained  2.757 
registers  of  men  who  had  left  the  service  to  be  analyzed.  Table  II 
shows  the  number  and  percentage  of  syphilitics  who  have  left  the 
service  in  the  various  possible  ways,  as  compared  with  similar  losses 
for  all  enlisted  men  as  shown  by  the  reports  of  The  Adjutant 
(leneral. 

Table  II. 

Losftefi,  all  enlisted  men. 


Year. 


Total 
number 

dis- 
charged. 


Dis- 
charged, 
expira- 
tion 
term  of 
service. 


Dis- 
charged 
on  sur- 
geon's 
certificat 
of  dis- 
ability. 


Dis- 
charged 
by  gen- 
eral court- 
martial. 


Dis- 
charged 
by  order. 


Deaths, 

all 
causes. 


Deserted. 


I    1913. 

I    1912. 

1911. 


Total. 
Percent 


37,514 
25.349 
32, 439 


25,027 
12,094 
21,187 


1,006 
1,056 
1,046 


2.855 
2,729 
2,290 


3.935 

4,278 
3.795 


414 
398 
3«)1 


3.882 
4.451 
3.411 


95. 302 
100 


58.309 
63.28 


3.108 
3. 2(5 


7.874 
8.26 


i2.oas 

12.62 


1.173 
1.2:} 


11,744 
12.32 


Losses,  syphilitics  for  the  same  i/cars. 

Total 

2.757 
100 

2,058 
74.64 

181 
6.56 

126 
4.57 

196 
7.11 

45 
l.t>3 

151 

Per  cent 

5  44 

From  this  it  will  be  seen  that  deaths  are  higher  among  syphilitics 
than  among  all  enlisted  men.  Discharges  for  disability  are  twice  as 
high  for  syphilitics  as  for  all  enlisted  men.  This  is  only  what  might 
be  expected.  It  is,  however,  somewhat  surprising  to  find  that  11 
per  cent  more  syphilitics  remain  to  be  di.scharged  by  expiration  of 
term  of  service  than  is  the  case  with  all  enlisted  men,  and  that  fewer 
syphilitics  desert  or  are  discharged  by  sentence  of  a  court. 

These  facts  may  possibly  be  intei-preted  to  mean  that  the  soldier 
who  suffers  from  syi)hilis  realizes  the  fact  that  ho  is  receiving  excel- 
lent treatment  free  of  charge,  and  consetpiently  makes  more  of  an 


76  PREVALENCE    OF    SYPHILIS   IN    THE   AEMY. 

endeavor  to  i-emain  in  the  service  than  is  the  case  with  enlisted  men 
as  a  whole.  In  this  connection  it  is  interesting  to  note  that  over 
31,000  doses  of  salvarsan  and  neosalvarsan  have  been  purchased  and 
expended  by  the  medical  department  of  the  Army  up  to  the  present 
date  (October,  1914).  When  it  is  realized  that  if  these  men  were 
in  civil  life  they  would  have  to  pay  $3.50  for  every  dose  of  this 
remedy,  in  addition  to  paying  the  physician  for  administering  it,  so 
that  every  dose  would  cost' the  patient  from  $10  to  $25,  and  that  if 
they  were  in  civil  life  they  would  have  to  pay  between  $5  and  $10 
for  every  Wassermann  test  which  they  now  have  performed  free  of 
charge  as  often  as  the  surgeon  desires  them,  it  is  easy  to  understand 
the  inducement  for  men  under  treatment  for  syphilis  to  remain  in 
the  service. 

But  whatever  truth  there  may  be  in  this  argument,  it  can  only 
apply  to  known  syphilitics  who  are  under  treatment  and  not  to 
those  undiagnosed  cases  that  are  more  numerous  than  the  known 
syphilitics.  The  survey  on  militar}^  prisoners  indicated  a  higher 
percentage  of  syphilis  among  these  men  than  among  white  enlisted 
men  of  the  Arm}^  It  may  well  be  that  while  those  men  who  are 
receiving  treatment  do  not  often  desert  or  commit  serious  offenses, 
that  many  of  the  recruits  who  are  already  syphilitic  when  they  come 
into  the  service  do  find  their  way  into  the  military  prisons.  The 
syphilitic  registers  can  throw  no  light  on  this  possibility. 

Furthermore,  it  must  be  admitted  that  the  data  on  which  this 
speculation  is  based  is  incomplete,  since  so  many  registers  were  lost 
or  not  available  for  these  statistics.  It  is  perhaps  better  to  admit 
that  the  only  conclusion  that  can  be  drawn  from  these  figures  is  that 
syphilitics  are  leaving  the  service  faster  than  fresli  cases  are  being 
contracted  in  the  service,  and  that  deaths  and  discharges  for  dis- 
ability are  higher  among  syphilitics  than  among  other  enlisted  men. 
These  latter  men  often  go  to  the  Government  Hospital  for  the  In- 
sane, to  Fort  Bayard,  and  to  the  Soldiers'  Home,  which  undoubtedly 
helps  to  account  for  the  high  rates  for  syphilis  in  those  institutions. 

The  very  evident  gaps  in  our  knowledge  of  what  becomes  of 
syphilitics  in  the  service  emphasizes  the  necessity,  which  will  be 
])ointed  out  later,  of  identifying  syphilitics  when  they  enter  the  serv- 
ice and  keeping  them  under  observation,  in  order  that  we  may  have 
accurate  information  as  to  what  becomes  of  these  men  and  as  to  the 
extent  of  the  financial  burden  their  disabilities  impose  upon  the 
Government. 


Part  IV. 

CONCLTJSIONS  AND  THE  PRACTICAL  CONSIDERATIONS  SUGGESTED 

BY  THIS  STUDY. 


SUMMARY  AND   CONCLUSIONS. 


The  results  obtained  in  the  preceding;  surveys  are  summarized  in 
the  follo^Ying  table  for  purposes  of  comparison: 


Survey. 

Total 
exam- 
ined. 

Known 
syphi- 
litics. 

+  + 
Wasser- 
mann. 

Un- 

doubted 

syphi- 

litics. 

Wasser- 
mann. 

Estimate 

of  total 

numbfr 

probably 

syphilitic. 

Recruits 

1,019 
621 

1.577 

1.472 
5.31 

1.145 
.5()7 
229 

1,171 

Per  cent. 

0 

0 

3.44 

1.08 
13. 55 
t).  48 
3.51 
7.5() 
11.02 

Per  cent. 

1.1b 

2.  hi 

A.ll 

21.80 

28.58 

9.50 

8.29 

15.  72 

13.40 

Per  cent. 

1.15 

2.  .57 

8.21 

22.21 

42.  37 

15. 98 

11.80 

23.28 

25.02 

Per  cent. 

9.02 

2.89 

7.87 

13.11 

13.55 

5.67 

7.41 
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5.  46 

White  enlisted  men 

If..  08 

Colored  enlisted  men 

36  00 

Porto  Rico  Regiment 

.5.5.93 

Military  convicts 

21 .  a5 

Insane  soldiers 

19.21 

Tuberculous  soldiers 

39.00 

Soldiers'  Home  * 

.34. 75 

I  These  figures  do  not  include  the  results  of  the  luetin  examination. 

The  most  important  conclusions  to  be  drawn  from  this  work  are 
briefly : 

I.    WITH    REFERENCE   TO   THE    MILITARY    SERVICE. 

1.  A  very  large  number  of  recruits,  estimated  at  10.77  per  cent, 
are  already  syphilitic  at  the  time  they  enter  the  service. 

2.  Since  there  are  only  8.44  per  cent  of  white  enlisted  men  on  the 
sick  report  for  syphilis,  it  is  certain  that  the  majority  of  these 
syphilitic  recruits  never  are  diagnosed. 

3.  Many  of  these  undiagnosed  cases  of  syphilis  are  admitted  to 
sick  report  under  other  diagnoses,  and  a  certain  but  at  present  un- 
known amount  of  expense  is  thereby  incurred- by  the  (Jovernment. 

4.  From  2  to  5  per  cent  of  the  commissioned  personnel  of  the  Army 
are  alread}^  infected  with  syphilis  at  the  time  they  enter  the  service. 

5.  The  percentage  of  sy[)hilis  among  white  enlisted  men  of  the 
Arm}^,  estimated  at  10.08  per  cent,  is  slightlv  lower  than  the  esti- 
mated percentage  of  infected  accepted  recruits. 

0.  Since  there  are  about  o  ])er  cent  of  fresh  infections  annually 
among  these  troops,  it  follows  that  syphilitics  are  leaving  the  service 
in  some  way  faster  than  new  cases  are  being  acquired. 
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7.  Study  of  the  syphilitic  registers  of  completed  cases  confirms  this 
belief,  because  the  rates  for  discharge  for  disability  arc  twice  as 
great  for  syphilitics  as  for  all  enlisted  men. 

8.  Wassermann  surveys  of  military  prisoners,  insane  soldiers, 
tuberculous  soldiers  and  inmates  of  the  soldiers'  home  also  confirm 
this  belief,  because  they  all  indicate  a  prevalence  of  syphilis  con- 
siderably higher  than  that  obtaining  among  enlisted  men. 

9.  Syphilis  is  much  more  common  among  negro  troops  than  white 
troops  and  is  acquired  at  a  much  eai'lier  age  in  the  case  of  negroes, 
so  that  it  may  be  expected  that  a  very  large  percentage  of  colored 
men  are  already  syphilitic  at  the  time  they  enter  the  service. 

10.  The  highest  rate  for  S3^philis  encountered  in  these  surveys  is    | 
among  the  soldiers  of  the  Porto  Rico  regiment  of  Infantry. 

11.  About  13  per  cent  of  the  insanity  in  the  service  is  directly 
attributable  to  syphilitic  infection. 

12.  There  is  a  distinct  tendency  in  any  group  of  men  for  syphilitic 
infections  to  accumulate  with  advancing  years  so  that  the  older 
the  group  the  higher  the  percentage  of  syphilis. 

13.  The  percentage  of  syphilitic  infections  is  lower  among  men 
in  the  Army  than  among  similar  men  in  civil  life. 

II.    WITH    REFERENCE    TO    THE    CIVIL   POPULATION. 

1.  We  may  estimate  that  about  20  per  cent  of  the  young  adult 
male  population  of  the  class  from  which  the  Army  is  recruited  are 
infected  with  syphilis. 

2.  We  may  estimate  that  about  5  per  cent  of  the  young  men  in  our 
colleges  are  syphilitic. 

3.  This  study  confirms  observations  that  have  already  been  pub- 
lished indicating  that  syphilis  is  so  prevalent  among  negroes  that  it 
is  possibly  the  greatest  single  factor  in  the  production  of  disability 
and  high  mortality  rates  among  the  race. 

4.  The  high  i)ercentage  of  syphilis  among  Porto  Rican  soldiers 
indicates  that  syphilis  may  be  one  of  the  important  causes  of  dis- 
ability among  native  Porto  Ricans. 

5.  Since  syphilitic  infection  is  so  common,  is  productive  of  so  much 
disability,  and  has  so  far  entirely  evaded  sanitary  control,  it  is  be- 
lieved that  syphilis  is  a  greater  menace  to  the  public  health  than  any 
other  single  infectious  disease,  not  even  excepting  tuberculosis. 


THE  PREVENTION  OF  SYPHILIS  IN  THE  ARMY. 

The  main  purpose  of  this  bulletin  was  to  investi^^ate  the  prevalence 
of  syphilis  in  the  Army.  However,  this  need  not  i)i*eclu(le  a  discus- 
simi  of  any  sanitary  measurt^s  that  may  correct  the  conditions  found, 
and,  indeed,  any  investipiticm  which  merely  stops  with  a  statement  of 
the  facts  determined  and  makes  no  suggestion  leading  toward  an 
improvement  of  conditions  miist  be  inconclusive. 

The  facts  as  brought  out  in  the  preceding  papers  indicate  that 
syphilis  is  much  more  frequent  among  enlisted  men  of  the  Army  than 
has  generally  been  supposed.  It  might  be  assumed  that  since  the 
diagnosis  of  syphilis  is  only  made  on  approxiuiately  o  per  cent 
of  all  soldiers  that  the  large  number  of  cases  of  syphilis  that  remain 
undiagnosed  are  of  no  importance,  so  far  as  the  Army  is  concerned, 
and  could  be  ignored.  But  even  if  this  assumption  were  correct  we 
can  not  afford  to  take  this  attitude.  When  a  man  comes  into  the 
Army  he  sacrifices  a  large  part  of  his  personal  liberty,  and  in  return 
for  that  sacrifice  it  is  a  clear  obligation  on  the  part  of  the  Army, 
and  i^articularly  on  the  part  of  the  military  surgeon,  to  provide  the 
most  enlightened  and  progressive  m'edical  treatment  obtainable.  To 
carry  this  to  its  logical  conclusion  means  that  all  cases  of  syphilis 
should  receive  proper  treatment. 

Moreover,  the  civil  community  has  long  charged  the  Army  with 
syphilizing  its  men  and  then  returning  them  to  civil  life  to  infect 
civilians.  The  injustice  of  this  attitude  is  apparent.  For  aside  from 
the  fact,  demonstrated  in  the  survey  on  recruits,  that  many  more 
infections  come  into  the  service  in  the  persons  of  men  fresh  from 
civil  life  than  are  acquired  during  military  service,  syphilis  is  never 
acquired  in  the  Army.  The  individuals  yvith  Avhom  the  soldier  comes 
in  contact  that  infect  him  with  syphilis  are  civilians,  and  the  civil 
communities  surrounding  Army  posts  are  responsible  for  ]Hn'mitting 
this  traffic.  The  Army  is,  therefore,  in  no  way  responsible  to  the  civil 
community  for  the  syphilis  that  is  acquired  by  the  soldier.  But  since 
military  control  over  soldiers  is  so  far  superior  to  any  control  that 
can  be  exercised  over  civilians,  it  is  logical  to  expect  much  more  of 
the  Army  in  the  prevention  of  infection  and  in  the  control  and  treat- 
ment of  the  cases  of  syphilis  that  do  occur  than  is  expected  of  the 
civil  community. 

Aside  from  these  considerations,  the  assumption  that  these  un- 
diagnosed cases  are  of  no  importance  to  the  Army  is  unwarranted. 
They  are  a  constant  potential  source  of  new  infections.  Further, 
manj^  of  these  undiagnosed  cases  of  syphilis  are  actually  on  the  sick 
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report  masquerading  under  such  diagnoses  as  chronic  muscular  rheu- 
matism, asteriosclerosis,  myocarditis,  aortic  valvular  lesions,  neu- 
rasthenia, hypertrophy  of  the  liver,  nephritis,  etc.  In  order  to  ob- 
tain some  idea  as  to  how  frequent  these  unrecognized  cases  of  syphilis 
might  be,  the  Wassermann  cards  of  500  syphilitics  taken  at  random 
were  analyzed  to  determine  the  symptoms  present  at  the  time  the  Was- 
sermann was  requested.  In  the  majority  of  cases  the  symptoms  were 
clearly  those  of  syphilis,  but  in  many  instances  there  was  no  indica- 
tion of  syphilis  and  the  blood  was  evidently  sent  in  simply  as  a 
routine,  or  in  an  endeavor  to  make  a  diagnosis  by  exclusion  on  symp- 
toms not  in  themselves  diagnostic.  Eight  per  cent  of  the  casesexam- 
ined  fell  into  this  category.  The  diagnoses  included  acne,  arterio- 
sclerosis, chronic  tonsillitis,  insanity,  rheumatic  pains,  cardiac  dilata- 
tion, deafness,  epilepsy,  atrophic  rhinitis,  tinea  circinata,  retinitis, 
dizziness,  tender  joints,  flat  feet,  lupus  vulgaris,  Eiggs  disease,  tumor 
of  the  liver,  furunculosis,  chronic  articular  rheumatism,  and  general 
debility.  Of  course  these  particular  diagnoses  were  revised  as  the 
result  of  the  Wassermann  findings  before  they  were  entered  on  the 
sick  report ;  but  the  fact  that  such  diagnoses  can  be  made  in  cases  of 
syphilis  indicates  clearly  that  there  are  many  other  similar  cases  in 
which  the  S3^philitic  cause  is  never  detected.  It  is  only  comparatively 
recently  that  the  importance  of*  syphilis  as  a  cause  of  many  condi- 
tions has  been  recognized.  Thus  probably  at  least  90  per  cent  of  all 
cases  of  aortic  heart  disease,  and  a  large  percentage  of  cases  of 
myocarditis  are  actually  syphilitic  lesions.  Yet  syphilis  of  the  heart 
has  always  been  considered  rather  rare,  and  probably  few  of  these 
cases  are  included  as  syphilis  on  the  sick  report.  The  same  thing  is 
true  of  many  cases  of  gastritis.  Up  to  a  few  years  ago  syphilis  of 
the  stomach  was  considered  so  rare  as  to  be  a  curiosity,  yet  recent 
investigations  have  shown  that  it  is  not  at  all  uncommon.  Such  ex- 
amples might  be  multiplied  with  the  inevitable  conclusion  that  syphi- 
lis is  even  more  protean  in  its  manifestations  than  we  have  as  yet 
realized.  Because  of  this  fact,  if  the  incidence  of  syphilis  in  the 
service  were  markedly  reduced,  the  sick  report  would  probably  be 
pared  down  out  of  all  proportion  to  the  reduction  in  the  amount  of 
syphilis  actually  shown  in  that  report. 

Such  hitherto  unrecognized  cases  of  syphilis  have  added  a  great 
expense  to  the  maintenance  of  thd  Army,  the  exact  amount  of  which 
can  not  be  calculated,  because  there  is  no  wa}^  of  determining  the 
exact  number  of  such  cases,  their  ultimate  end,  or  the  extent  to  which 
the  (Tovernment  has  been  victimized  in  each  case.  Some  idea  of  the 
magnitude  of  the  cost  of  these  unrecognized  cases  of  syphilis  may 
be  derived  from  the  following  generalized  considerations: 

1.  The  Govornment  necessarily  pays  for  their  maintenance  and 
treatment  in  hospital.    Since  the  real  cause  of  their  infirmity  remains 
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unknown,  tliey  do  not  receive  specific  ticiitnient,  and  consequently 
leniain  on  sick  report  a  long  time. 

2.  During  this  period  they  continue  to  draw  their  pay,  which 
wouhl  be  stopped  in  most  cases  if  the  true  nature  of  the  disease  were 
known. 

3.  They  increase  the  total  noneffective  strength  of  the  Army,  and 
all  overhead  charges  for  the  Army  are  the  same  for  noneffectives  as 
for  effectives. 

4.  They  are  frequently  discharged  on  certificates  of  disability,  thus 
entailing  a  financial  loss  to  the  Government.  No  adequate  return 
is  secured  in  such  cases  for  the  money  spent  on  their  maintenance, 
military  education,  and  transportation. 

5.  They  frequently  secure  a  pensionable  status,  and  thus  become  a 
financial  burden  for  many  years. 

0.  Many  are  sent  to  the  Government  Hospital  for  the  Insane,  where 
they  become  a  charge  on  the  Government  for  maintenance  and  treat- 
ment all  the  rest  of  their  lives.  Capt.  Kings  Report  on  Mental  Dis- 
ease and  Defect  in  the  United  States  Troops,  Bulletin  No.  5,  OiKce 
of  the  kSurgeon  General,  states  that  during  one  year  77  enlisted  men, 
4  officers,  and  7  general  prisoners,  or  a  total  of  89,  were  admitted  to 
the  Government  Hospital  for  the  Insane  directly  from  the  service 
or  from  military  prisons.  It  has  been  pretty  conclusively  shown  that 
in  at  least  13  per  cent  of  the  insane  soldiers  at  this  institution  the 
insanity  is  directly  attributable  to  syphilis.  Applying  this  to  the 
Army  cases  it  will  be  seen  that  each  year  the  Army  sends  approxi- 
mately 11  men  to  the  Government  Hospital  for  the  Insane  because  of 
paresis  or  cerebral  syphilis.  In  practically  all  of  such  cases  the 
syphilitic  infection  was  of  long  standing  and  was  not  recognized 
prior  to  the  development  of  mental  symptoms. 

7.  The  surve}'  made  on  the  inmates  of  the  Soldiers'  Home  shows 
that  many  more  such  cases  are  maintained  in  such  institutions.  It 
must  not  be  supposed  that  we  are  assuming  that  all  the  large  number 
of  cases  in  whom  the  existence  of  a  syphilitic  infection  was  detected 
were  actuall}'  disabled  because  of  syphilis;  but  all  medical  officers 
who  have  served  at  the  Home  will  agree  that  there  are  very  many 
such  cases. 

8.  A  certain  number  of  officers  are  retired  "in  line  of  duty"  for 
conditions  that  are  in  reality  due  to  syphilis.  Thus  only  recently  an 
officer  was  retired  in  this  way  for  locomotor  ataxia,  a  condition  now 
universally  admitted  to  be  a  manifestation  of  syphilis. 

Now,  while  it  is  probable  that  under  no  method  of  administration 

or  sanitary  regulation  can  all  of  these  unrecognized  cases  be  detected 

or  all  of  this  great  burden  of  expense  be  removed,  yet  it  is  equally 

certain  that  these  cases,  with  their  resultant  expense  to  the  (xovern- 
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rnent,  can  be  greatly  reduced  in  number.  At  present  post  surgeons 
only  request  a  Wassermann  reaction  en  cases  that  in  their  judgment 
may  be  syphilitic  cr  in  whom  the  diagnosis  is  not  plain.  This  diag- 
nostic use  of  the  Wassermann  reaction  should  be  greath^  extended, 
and  it  is  believed  that  if  a  Wassermann  test  were  made  of  all  patients 
that  remain  on  the  sick  report  more  than  five  days  that  most  of  these 
at  present  vmdiagnosed  cases  of  syphilis  would  be  detected.  Many 
hospitals  have  for  years  made  a  routine  examination  of  urine  of  all 
patients.  Perhaps  one  case  in  a  thousand  has  sugar  in  the  urine. 
The  percentage  of  albumen  found  is,  of  course,  higher.  But  if  it  is 
worth  while  to  carry  out  this  routine  examination  of  the  urine  for 
the  sake  of  the  occasional  case  in  which  the  information  so  obtained 
is  of  value  to  the  attending  physician,  of  how  much  more  value  would 
be  a  routine  Wassermann  on  all  patients.  This  is  not  done  in  many 
civil  hospitals  because  few  of  them  possess  the  facilities  for  per- 
forming this  reaction.  The  medical  department  of  the  Army  has  a 
great  advantage  in  this  respect,  since  its  laboratories  are  already 
performing  this  test,  and  it  will  be  a  great  improvement  when  a 
routine  Wassermann  reaction  is  performed  on  all  patients.  Xo  changes 
are  necessary  in  order  to  commence  this  practice,  which  could  be  di- 
rected b}^  a  circular  to  medical  officers. 

Regulations  aiming  at  the  prevention  of  venereal  diseases  have 
been  in  force  in  the  Army  for  several  years  and  have  accomplished 
a  certain  amount  of  good.  Confining  our  attention  to  syphilis,  there 
is  no  doubt  that  the  disease  may  be  prevented  by  the  early  applica- 
tion of  calomel  ointment.  As  the  Surgeon  General  has  stated  in  his 
report  for  1914,  the  method  of  venereal  prophylaxis  is  fairly  well 
crystallized  and  therefore  is  much  the  same  in  each  command.  The 
results  appear  to  be  in  proportion  to  the  earnestness  and  intelligence 
of  the  commanding  officers  and  the  surgeons  intrusted  with  carrying 
out  the  orders  on  this  subject.  It  is  evident  that  these  regulations 
are  capable  of  effecting  even  more  in  the  Avay  of  the  prevention  of 
syphilis  as  surgeons  and  commanding  officers  become  more  impressed 
with  the  desirability  and  necessity  of  enforcing  these  regulations. 
P>ut  this  matter  has  been  so  thoroughly  worked  out,  and  is  so  com- 
pletely in  the  hands  of  the  above-mentioned  officers,  that  no  further 
discussion  of  this  matter  is  desirable  in  this  bulletin. 

It  should,  however,  be  perfectly  clear  that  such  measures  are  aimed 
solely  at  the  prevention  of  the  approximately  3  per  cent  of  cases  of 
syphilis  that  develop  during  military  service,  and  that  no  methods 
of  dealing  with  the  approximately  10  per  cent  of  cases  of  syphilis 
intioduced  into  the  service  in  the  persons  of  recruits  have  yet  been 
formulated.  Yet,  since  a  fresh  case  of  syphilis  can  hardly  remain 
unknown  in  this  day  of  venereal  inspections,  it  becomes  clear  that 
practically  all  of  these  unrecognized  cases  of  syphilis  referred  to 
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above  as  causing  the  Government  so  much  expense  are  not  contractetl 
in  the  service,  but  are  part  of  the  10  per  cent  brou<^ht  into  the  service 
by  recruits. 

It  is  a  (piestion,  therefore,  in  the  li^rht  of  the  information  fur- 
nished by  this  investigation,  if  further  measures  should  not  be  taken 
at  the  present  time  to  further  reduce  the  amount  of  syphilis  in  the 
Army.  A  discussion  of  such  measures  may  be  divided  into  the  fol- 
lowing heads: 

1.  The  rejection  of  all  syphilitic  recruits,  includin^^  those  havin<^ 
positive  Wassermann. 

2.  The  enlistment  of  syphilitic  recruits  who  manifest  no  physical 
igns  of  the  disease  but  who  will  be  known  as  syphilitics  when  they 

^nter  the  service  and  will  be  recpiired  to  take  treatment. 

3.  Standard  treatment  for  all  cases. 

I.  The  Ke;jection  of  All  Syphilitic   Ivecruits. 

Strictly  speaking,  this  would  be  very  difficult,  but  a  real  endeavor 
carry  out  this  policy  would  result  in  the  exclusion  of  the  great 
lajority  of  syphilitic  recruits  who  are  at  present  enlisted.  At  the 
present  time  many  known  syphilitics  are  enlisted  provided  that  they 
low  no  physical  manifestations  of  the  disease  at  the  time  they  are 
Examined.  It  is  believed  that  this  policy  is  very  costly  to  the  Gov- 
'entment  and  that  all  such  men  should  be  rejected.  This  would 
ivolve  no  change  in  the  present  method  of  recruiting  except  the 
3sue  of  a  circular  to  all  officers  charged  with  recruiting  directing 
lat  no  men  known  to  have  had  syphilis  should  be  accepted. 
But  it  is  also  believed  that  this  is  not  sufficient,  and  that  the  time 
ias  come  when  a  Wassermann  reaction  should  be  made  on  all  recruits, 
and  those  found  syphilitic  by  this  test  should  also  be  excluded.  This 
process  of  exclusion  might  be  carried  out  at  recruit  depots  or  at 
recruiting  stations,  and  the  method  employed  in  carrying  cut  this  test 
may  be  briefly  discussed. 

1.  Reject  ton  at  recruit  depots. — At  each  recruit  depot  a  medical 
officer  and  one  Hospital  Corps  man  would  be  detailed  and  equipped 
to  perform  the  Wassermann  reaction.  This  test  would  then  be  per- 
formed on  all  recruits  who  had  in  other  respects  passed  the  physical 
examination.  The  reaction  should  be  performed  daily,  with  the  ex- 
ception of  Sunday,  and  under  these  circumstances  if  the  bloods  were 
taken  in  the  morning  the  report  could  be  in  by  4  or  5  oVlock 
of  the  same  afternoon,  thus  causing  no  delay.  All  applicants  for 
enlistment  having  a  double  plus  AVassermann  reaction  should  be 
rejected.  There  should,  however,  be  a  provision  that  this,  like  any 
other  defect,  could  be  waived  by  the  Secretary  of  AVar  in  the  case 
of  exceptionally  desirable  men  otherwise  qualified  for  the  service. 
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Such  men,  however,  would  enter  the  service  provided  Avith  a  syphilitic 
register,  would  receive  treatment,  and  could  not  secure  a  pensionable 
status  as  the  result  of  conditions  obviously  syphilitic. 

The  question  naturally  arises.  What  shall  we  do  with  those  men 
who  have  acquired  syphilis  during  a  previous  enlistment  and  wish 
to  reenlist  ?  If  the  man  can  present  convincing  evidence  that  he  has 
been  cured  as  the  result  of  treatment  received  in  the  service,  he  might 
be  accepted.  This  will  apply  to  comparative^  few  cases.  AVith  this 
exception,  it  appears  that  unless  a  man  is  a  noncommissioned  officer 
or  is  otherwise  a  very  exceptional  man  that  the  best  rule  would  be 
to  exclude  such  men  on  exactly  the  same  terms  as  men  applying  for 
a  first  enlistment.  The  longer  a  S3^philitic  remains  in  the  service 
the  greater  is  the  chance  that  he  may  develop  locomotor  ataxia, 
paresis,  or  some  disability  by  which  he  may  secure  a  pensionable 
status  in  some  way. 

A  duplicate  card  record  should  be  kept  of  each  man  examined,  one 
to  be  retained  at  the  recruit  depot  and  one  to  be  mailed  to  the  Sur- 
geon General.  The  records  so  collected  from  the  different  recruit 
depots  would  in  the  course  of  a  few^  j^ears  afford  a  more  complete 
index  as  to  the  prevalence  of  syphilis  in  the  United  States  than  has 
ever  been  obtained  or  could  be  obtained  in  any  other  manner. 

By  the  adoption  of  this  plan  the  great  majority  of  those  already 
infected  with  syphilis  would  be  excluded  from  the  service,  and  we 
have  already  shown  the  advantages  to  be  derived  from  such  a  pro- 
cedure, and  may  pass  to  the  objections  that  may  be  urged  against  it. 
The  immediate  and  only  serious  objection  to  be  raised  against  this 
plan  is  that  it  will  necessarily  increase  the  cost  of  recruiting  the 
Army,  because  return  transportation  must  be  paid  to  the  place  of 
acceptance  on  the  possible  10  to  15  per  cent  of  recruits  rejected  at 
recruit  depots  for  this  cause.  This  objection  is  very  serious  yet  it 
need  not  necessaril}^  prove  insuperable.  The  cost  of  recruiting  is 
not  the  only  thing  to  be  considered  in  this  connection.  It  is  obvious 
that  if  we  spend  $10  in  recruiting  each  man,  but  secure  men  who  are 
worth  $1,000  to  the  Government,  we  save  money  as  compared  with 
a  system  that  only  spends  $5  in  recruiting  each  man,  but  secures 
men  worth  only  $800.  It  is  believed  that  the  amount  of  money  saved 
to  the  Government  b}^  adopting  this  procedure  will  greath'  exceed 
the  increased  sum  to  be  expended  in  recruiting.  But  as  the  amount 
to  be  saved  is  vague  and  distant,  and  as  the  increased  sum  to  be 
expended  on  recruiting  is  definite  and  immediate,  the  natural  tend- 
ency is  to  refuse  to  appropriate  money  for  this  purpose.  The  Ameri- 
can i)eoi)le  lune  always  preferred  a  policy  involving  billions  in 
])ensions  in  the  future  to  one  involving  millions  for  preparedness  in 
the  present. 
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2.  Rejection  at  recmutuKj  statloiui. — If  tiiis  j)lan  is  rejected,  we 
may  pass  to  the  second,  in  accordance  with  which  a  blood  specimen 
lor  the  Wassermann  reaction  coidd  he  taken  in  a  Wri^lit  capsule 
from  all  men  that  have  been  accepted  by  the  recruiting  officer  and 
mailed  to  the  nearest  laboi-atory  for  the  test,  a  report  to  be  tele- 
i»raphed  as  ])rc)mptly  as  ]>ossible  to  the  recruiting  officer.  Only  those 
men  i)assing  this  test  as  well  as  the  other  present  recjuirements  will 
l)e  sent  to  the  recruit  depots.  In  order  to  accomplish  this  it  will  be 
necessary  for  the  recruiting  officer  to  keei)  otherwise  acceptable 
Mpplicants  for  from  24  to  48  hours  while  waiting  the  report  on  the 
Wassermann.  It  will  be  only  exceptionally  that  men  will  have  to  be 
held  longer  than  this  time,  for  with  laboratories  at  all  recruit  depots, 
in  addition  to  the  four  department  laboratories  in  the  Ignited  States, 
s[)ecimens  may  be  sent  by  mail  from  almost  any  point  to  the  nearest 
laboratory  within  24  hours.  In  accordance  with  this  plan  some  ex- 
pense is  necessarily  entailed  in  telegraphing  and  for  the  subsistence 
of  applicants  held  to  await  the  report  from  the  laboratory.  It  is 
probable,  however,  that  in  spite  of  this  the  overhead  expense  of 
recruiting  will  be  actually  diminished  by  this  method,  since  there 
will  certainly  be  fewer  rejections  at  recruit  depots  on  whom  return 
transportation  must  be  paid.  This  is  now  a  heavy  charge  against 
the  present  recruiting  system,  since  about  14  per  cent  of  the  men 
iiccepted  by  recruiting  officers  are  rejected  at  the  recruit  depots. 
(Report  A.  G.,  1913.)  It  should  also  be  noted  that  venereal  diseases 
caused  the  gi-eatest  number  of  these  rejections  in  1911  and  1912, 
though  these  diseases  were  only  third  as  a  cause  for  rejection  in  1913. 
(Report  S.  G.,  1914,  p.  191.)  During  1913  heart  disease  headed  the 
list  as  a  cause  for  rejection. 

Disease  of  the  heart  muscle  is  frequently  due  to  syphilis,  while  of 
valvular  lesions,  almost  all  cases  of  "causeless"  aortic  disease,  par- 
ticularly in  men  between  20  and  40  years  of  age,  are  due  to  syphilitic 
aortitis  and  have  a  positive  Wassermann.  Cabot  (J.  A.  M.  A.,  1914, 
LXIII,  1461)  has  recently  classified  600  cases  of  heart  disease  ac- 
cording to  the  pathologic  process  responsible  for  the  disease.  Of 
these  600  cases,  74,  or  12.3  per  cent,  were  due  to  syphilis.  But  of 
294  of  these  cases  in  males,  52,  or  17.7  per  cent,  were  due  to  syphilis. 
It  is  clear  that  syphilis  is  in  reality  responsible  for  a  considerable 
part  of  the  cases  rejected  for  so-called  heart  disease. 

With  regard  to  venereal  diseases,  since  gonorrhea  and  chancroids 
are  generally  easily  detected,  and  develop  promptly  after  exposure 
it  is  fair  to  assume  that  the  majority  of  the  rejections  for  venereal 
disease  were  in  reality  due  to  syphilis.  Heai*t  disease  and  venereal 
disease  combined  account  for  206.38  per  thousand,  or  a  little  nun*e 
than  a  fifth  of  all  the  rejections  at  recruit  dei)ots.     Probably  one- 
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half  of  this,  or  one-tenth  of  the  total  rejections,  are  caused  by  syphilis 
under  these  two  heads  alone.  Many  of  those  rejected  at  recruit  de- 
pots for  other  causes  such  as  physical  debilit3\  diseases  of  the  circu- 
latory system,  diseases  of  the  nervous  system,  underweight,  etc.,  were 
probably  also  syphilitic.  It  is  believed  therefore  that  it  is  a  con- 
servative estimate  that  a  tenth  of  the  total  number  of  rejections  at 
recruit  depots  which  for  1913  would  have  been  1:9.5  men  can  be  saved 
by  having  a  preliminary  Wassermann  test  at  recruiting  stations,  and 
the  rejection  of  all  applicants  who  have  a  positive  Wassermann.  This 
means  that  the  return  railroad  fare  of  these  495  men  would  be  saved 
as  an  offset  to  the  cost  of  telegraphing  and  of  rationing  applicants 
while  awaiting  the  report.  The  cost  of  recruiting  would  be  little  if 
at  all  increased  by  this  method,  and  the  Government  would  effect  the 
large  saving  already  pointed  out  as  the  result  of  the  exclusion  of 
syphilitics. 

Another  possible  objection  to  this  plan  consists  in  the  fact  that  the 
collection  of  blood  sj)ecimens  will  necessarily  be  in  the  hands  of  en- 
listed men  attached  to  the  recruiting  stations,  instead  of  in  the  hands 
of  medical  officers  as  Avould  be  the  case  if  the  specimens  were  collected 
at  recruit  depots  as  described  under  heading  (1).  This  is  not  a  seri- 
ous matter,  however.  There  is  absolutely  no  danger  attached  to  tak- 
ing a  blood  specimen  in  a  Wright  tube  from  the  ear,  and  thousands 
of  such  specimens  have  been  taken  by  Hospital  Corps  men.  Satis- 
factory specimens  are  difficult  to  take  b}^  this  method  if  it  is  not  per- 
formed correcth^,  and  very  easy  to  take  when  the  correct  technique 
is  followed.  I  feel  confident  that  in  an  hour  any  enlisted  man  of 
average  intelligence  can  be  taught  to  take  a  proper  blood  specimen. 
If  this  plan  were  followed,  it  would  be,  of  course,  necessar}^  to  in- 
struct the  men  at  recruiting  stations  as  to  the  proper  method  of  tak- 
ing specimens,  as  otherwise  there  would  be  much  time  lost  because 
of  the  impossibility  of  performing  the  test  on  the  specimen  sent  and 
the  necessit}^  of  asking  for  others.  This  is  merely  a  matter  of  detail 
that  can  be  worked  out. 

A  further  objection  Avhich  may  be  urged  against  either  of  the 
propositions  outlined  above  is  that  fact  that  they  possibly  entail 
the  rejection  of  about  15  per  cent  of  all  recruits  that  are  accepted 
under  present  methods  of  enlistment.  There  have  been  times  when 
it  has  been  difficult  to  obtain  a  sufficient  number  of  desirable  men 
under  the  present  requirements,  and  this  plan  would,  of  course, 
increase  this  difficulty  considerably.  This  objection,  like  the  others, 
is  real  but  not  insuperable,  for  under  ordinary  circumstances  there 
is  seldom  any  difficulty  about  obtaining  a  sufficiency  of  men.  During 
some  years  and  at  certain  seasons  of  each  year  the  main  difficulty 
is  to  keep  them  out.  But  when  there  is  a  real  shortage  of  men,  such 
as  in  war  times  or  during  seasons  of  unusual  prosperity,  what  is 


I'RKVALENCK    OK    SVI'IIIIJS    IN    THK    ARMY.  87 

the  first  thin<r  to  l)e  done?     The  physical  re(iuirements  are  lowered. 
Men  are  taUeii  in  with  defective  vision,  under  vvei<^ht,  under  heiL'ht. 
defective  teeth,  etc.     If  there  is  a  shorta<^e  of  men,  the  re(juirenient  i 
should  I)e  lowered  first  in  the  least  important  tliin*^s.     Which  is  most 
important,  that  a  man  should   have  i)erfect   vision.  •2()/'20.  or  that 
he  should  he  free  from  syphilis?     Sixty-four  inches  is  our  minimum 
requirement  for  height.     Ts  it  more  desirahle  to  exclude  men  of  (')2 
inches  l^eight  and  otherwise  eligible  or  to  exclude  syphilis?     It  seems 
fto  me  that  the  interests  of  the  Government  would  be  better  sub- 
served by  lowering  the  requirements  in   many   respects  before   we 
jknowingly  accept  syphilitics.     The  syphilitics  are  by  far  the  poorer 
risk.     It  is  of  course  admitted  that  in  time  of  actual  war,  when 
large  numbers  of  men  must  be  enlisted  and  trained,  any  sucli  plan 
to  exclude  syi)hilitics  would  go  by  the  board,  l)ut  at  such  a  time  all 
^other  physical  reijuirements  go  also.     The  point  that  it  is  desired 
to  make  is  that  it  is  quite  as  important  to  exclude  syphilis  as  most 
of  the  other  i)liysical  defects  that  are  at  present  a  bar  to  enlistment. 
3.  Rejection  of  syphilitic  applicants  for  a  coTnimssion. — All  the 
arguments  that  apply  to  the  rejection  of  syphilitic  recruits  have  even 
greater  force  with  regard  to  applicants  for  a  commission.     Enlisted 
len,  as  a  rule,  serve  only  one  or  two  enlistments,  but  the  commis- 
sioned  officer  generally   remains   in   the  Army   permanently.     The 
lanifestations  of  syphilis  that  cause  permanent  disability,  such  as 
meurism,  locomotor  ataxia,  and  paresis,  are  almost  always  late  de- 
velopments, occurring  usually  in  men  over  40,  who  have  already  spent 
lany  years  in  the  service.     The  result  is  that  there  is  a  natural 
tendency  to  retire  such  cases  "  in  line  of  duty."     These  cases  cause 
luch  trouble  in  the  service  in  other  ways  too  numerous  to  mention, 
'or  example,  several  years  ago  an  officer  was  tried  and  convicted  for 
mnatural  sexual  practices  and  other  irregidarities.     AVithin  a  few 
lonths  of  his  conviction  he  died  of  syphilitic  disease  of  the  brain. 
)uch  irregularities  are  common  symptoms  of  paresis,  and  there  can 
)e  little  do\ibt  that  this  officer  should  have  been  sent  to  an  insane 
isylum  instead  of  being  tried.     The  frequency  with  which  officers 
ire  convicted  of  duplicating  pay  accounts  and  other  financial  irregu- 
larities, the  idiocy  of  which  are  incomprehensil)le  to  a  normal  mind, 
leads  to  the  conviction  that  some  of  these  officers  may  be  sutl'ering 
from  the  "delusions  of  grandeur''  of  early  paresis.     One  can  never 
predict  at  what  time  such  symptoms  may  appear  in  a  syphilitic. 
Dr.  William  A.  White,  superintendent  of  the  Government  Hospital 
for  the  Insane,  has  stated  in  an  address  that  a  syphilitic  officer  should 
never  be  allowed  to  command  a  battleship.     Is  the  responsibility  of 
a  general  in  the  field  less  than  that  of  the  commander  of  a  battleship  ? 
Further,  the  objections  that  apply  with  regard  to  the  rejection  of 
syphilitic  recruits  for  enlistment  do  not  apply  in  the  case  of  appli- 
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cants  for  a  commission.  It  will  be  a  matter  of  little  difficulty  to  have 
a  Wassermann  test  made  on  all  cadets  shortly  before  they  are  com- 
missioned, and  this  test  can  easily  be  made  a  part  of  the  physical 
examination  of  all  other  candidates  for  a  commission.  As  a  general 
rule,  the  men  of  the  class  Avho  apply  for  a  commission  do  not  suffer 
from  syphilis  in  as  high  a  percentage  as  is  the  case  in  the  class  of 
men  who  apply  for  enlistment.  Rejections  on  this  account  need  not 
be  very  numerous,  but  the  ones  that  do  occur  will  become  a  matter  of 
great  importance  to  the  Government  in  protecting  it  from  the  impo- 
sition of  having  syphilitics  carried  on  the  retired  list. 

II.  The  Enlistment  of  Syphilitic  Recruits  Who  ^Manifest  no  Physical  Signs 

OF  the  Disease. 

In  case  it  is  deemed  inadvisable  for  any  reason  to  follow  either 
of  the  plans  outlined  above  to  exclude  syphilitics,  it  is  still  possible 
to  diagnose  such  cases  when  they  enter  the  service.  This  again  neces- 
sitates the  performance  of  the  Wassermann  reaction  at  all  recruit 
depots  in  the  manner  alread}^  described.  Instead,  however,  of  reject- 
ing all  applicants  having  a  double-plus  or  plus  Wassermann,  such 
men  would  be  accepted,  providing  they  manifest  no  obvious  physical 
signs  of  the  disease  and  w^ere  otherwise  acceptable.  A  syphilitic  reg- 
ister would  be  filled  out  for  these  men  at  the  recruit  depot  and  mailed 
to  the  surgeon  at  the  post  to  which  the  recruit  was  assigned.  Instruc- 
tions should  be  issued  to  all  medical  officers  that  such  cases  should  be 
kept  under  observation,  exactly  as  is  the  case  with  fresh  infections  of 
syphilis,  and  should  receive  active  treatment  sufficient  in  amount  to 
at  least  hold  the  disease  in  check  and  to  prevent  the  appearance  of 
these  cases  on  the  sick  report  for  syphilis.  In  case  the  man  was 
transferred  the  register  should,  of  course,  be  sent  to  the  surgeon  at 
the  new  station.  If  this  procedure  was  followed  in  the  case  of  all 
syphilitic  recruits,  in  a  few  years  the  unrecognized  cases  of  syphilis 
would  almost  entirely  disappear,  for  we  have  already  pointed  out 
that  since  fresh  cases  either  present  themselves  for  treatment  in  the 
natural  way  or  are  detected  at  venereal  inspections,  practically  all 
of  these  unrecognized  cases  exist  prior  to  enlistment.  As  a  result  of 
this  examination  these  cases  would  be  recognized  from  the  first,  and 
should  never  be  permitted  to  escape  observation. 

Therefore,  if  this  system  was  officially  adopted — and  at  present 
writing  there  is  good  reason  to  believe  that  it  will  be — all  cases  of 
syphilis  in  the  Army  should  be  under  observation  and  treatment. 
The  Government  will  benefit  in  exactly  the  same  particulars  fts  would 
be  the  case  were  syphilitics  excluded,  but  to  a  lesser  degree;  that  is, 
the  sick  rej^ort  would  be  lower  than  is  the  case  at  present,  but  not  so 
low  as  would  be  the  case  were  all  syphilitics  excluded.    There  would 
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be  fewer  pensions  for  syphilitic  conditions,  but  more  than  wonhl  be 
the  case  were  syphilitics  exchided,  etc.  The  reason  tor  this  is  phiin. 
If  syphilitics  are  exchided,  that  is  the  end  of  the  matter,  so  far  as  the 
Army  is  concerned;  if  they  are  admitted,  they  become  subject  to  a 
n)ore  or  less  complicated  system  of  observation  and  treatment  which 
may  break  down  at  a  number  of  points  in  some  cases.  It  is  always 
possible  that  such  cases  may  escape  observati(m  througii  carelessness 
on  the  part  of  some  officer  through  the  loss  of  registers,  because  they 
are  erroneously  considered  cured,  and  in  other  ways.  It  is  also  pos- 
sil)le  that  they  may  receive  an  amount  of  treatment  insufficient  to  pre- 
vent the  development  of  the  disease,  which  would  be  followed  by  an 
api)earance  on  sick  rei)ort  that  would,  of  course,  have  been  impossible 
had  the  man  originally  been  excluded  from  the  service.  It  is  by  no 
means  easy  to  gauge  the  exact  amount  of  treatment  to  be  given  such 
cases,  and  there  would  ahvays  be  a  tendency  to  cut  the  amount  down 
because  of  the  expense,  the  trouble  of  giving  it,  and  because  the  man 
himself  would  tire  of  it  and  attempt  to  escape  it.  All  of  these  diffi- 
culties would  be  more  apt  to  appear  in  the  field,  where  it  must  be  ad- 
mitted any  such  system  of  observation  and  treatment  would  probablv 
break  down.  If  the  syphilitics  Avere  excluded  at  the  start,  this  trcaible 
w^ould  be  avoided  in  the  field,  and  there  would  be  a  more  efficient 
Army.  There  is  much  evidence  to  show  that  soldiers  having  syphilis 
are  more  apt  to  break  down  under  the  stress  of  active  service  than 
would  have  been  the  case  had  they  remained  at  a  post  in  time  of 
peace.  There  is  good  reason  for  believing  that  paresis  is  more  apt  to 
occur  under  such  unusual  physical  strains. 

Further,  the  saving  to  the  Government  outlined  above  would  be 
partly  offset  by  the  cost  of  treatment.  Large  sums  are  beinir  ex- 
pended at  present  for  salvarsan  as  well  as  other  drugs  and  appa- 
ratus for  the  treatment  of  syphilitics,  when  only  about  3  per  cent  of 
the  enlisted  strength  of  the  Army  is  receiving  this  treatment.  If 
these  surve3^s  are  correct  in  indicating  that  about  !(>  per  cent  of  the 
men  in  the  service  are  syphilitic,  and  if  all  of  these  cases  were  identi- 
fied and  treated,  the  cost  of  such  treatment  would  be  almost  exactly 
five  times  the  amount  expended  at  present. 

However,  if  this  method  is  adopted  there  would  be  no  increased 
cost  in  recruiting  except  such  as  Avould  be  borne  by  the  medical 
department  for  the  performance  of  the  Wassermann.  The  end  result 
would  undoubtedly  be  a  considerable  saving  to  the  (Jovernment,  and 
as  the  result  of  the  information  obtained  by  performing  the  AVasser- 
mann  on  all  recruits,  it  is  probable  that  it  will  become  possible  later 
to  adopt  the  plan  of  total  exclusion  of  all  syphilitics.  Full  and  com- 
plete information  is  necessary  upon  which  to  base  any  action  in  the 
administration  of  the  Army.    There  is  practically  no  accurate  infor- 
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mation  at  present  available  as  to  how  much  disability  and  cost  to 
the  Government  is  actually  caused  by  syphilis.  It  is  obviously  a  func- 
tion of  the  medical  department  to  procure  this  information,  and  the 
examination  of  all  recruits  for  syphilis,  particularly  by  the  Wasser- 
mann.  will  go  far  toward  affording  this  information.  If  the  facts  so 
obtained  bear  out  those  published  in  this  bulletin,  the  day  is  not  far 
distant  when  syphilitics  will  be  excluded  from  the  service. 

COST    OF    PERFORMING    THE    WASSERMANN    REACTION    ON    ALL   RECRUITS. 

Since  the  adoption  of  this  examination  is  being  seriously  consid- 
ered it  will  be  well  to  determine  the  cost  to  the  Medical  Department. 
One  medical  officer  with  one  assistant,  w^hen  properly  trained  and 
supplied  with  the  proper  equipment,  can  easily  perform  100  tests 
daily,  except  Sunday,  making  GOO  tests  a  week.  During  the  o'2  weeks 
of  the  year  they  would,  therefore,  be  capable  of  performing  31,200 
tests,  or,  allowing  two  weeks  for  vacation,  30,000  tests.  If  a  labora- 
tory for  the  Wassermann  is  established  at  each  of  the  five  recruit 
depots,  each  laboratory  with  a  capacity  of  30,000  tests  a  year,  facili- 
ties would  be  provided  for  a  single  test  on  150,000  men.  Between 
25,000  to  30,000  recruits  are  accepted  annually.  It  will  be  seen,  there- 
fore, that  all  of  the  men  at  present  being  accepted  could  be  examined 
by  five  such  laboratories  and  many  of  them  reexamined  to  confirm 
the  diagnosis  in  doubtful  cases  without  the  slightest  strain  on  the 
working  capacity  of  these  laboratories.  Indeed,  the  laboratories 
would  continue  to  be  capable  of  performing  this  work  should  the  size 
of  the  Army  be  doubled.  The  itemized  cost  of  each  laboratory  may 
be  stated  as  follows: 

I.  (1)    Salary  of  one  captain,  Medical  Corps,  5  years'  service $2,640 

(2)  Salary  of  one  sergeant.  Hospital  Corps,  at  $42  per  month 504 

(3)  600  guinea  pigs,  at  $0.50   (reduced  if  fewer  tests  are  made  or  if 

guinea  pigs  are  raised) 300 

(4)  30  rabbits,  at  $1  per  rabbit 30 

(5)  Other  materials   (requisitions  for  breakage  in  test  tubes,  pipettes, 

etc.)    200 

Total ^  3.  674 

II.  Permanent  equipment,  as  described  later,  not  to  exceed 600 

All  of  the  items  of  expense  allowed  here  are  amply  sufficient  and 
coidd  be  reduced  in  certain  instances;  but.  estimating  the  cost  of  a 
single  laboratory  at  $4,000  in  round  numbers,  the  five  laboratories 
would  cost  $20,000  a  year  at  most.  It  must  be  pointed  out,  however, 
that  approximately  three-fourths  of  this  expense  is  in  salaries  that 
nre  already  being  paid,  so  that  the  actual  cost  in  materials  will  be 
at  most  about  $(>00  for  each  laboratory  annually,  or  a  total  of  $3,000. 
This  is  a  nuich  fairer  way  to  estimate  the  cost,  for  at  each  of  these 
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depots   a   medical    ollicer   is   usually   detailed    for    laboratory    work 
which  takes  at  least  a  part  of  his  time. 

It  is  probable  that  the  man  detailed  to  perform  the  Wassermanns 
can  also  perform  this  routine  laboratory  work.  This  depends  upon 
the  number  of  Wassei-manns  that  nnist  be  performed,  but  since  one 
man  has  a  capacity  of  :]0,000  tests  annually,  and  since  it  is  improb- 
able that  with  the  present  size  of  the  Army  any  one  laboratory  will 
have  that  number  of  tests  to  perform,  there  should  be  a  certain 
amount  of  spare  time  that  could  be  devoted  to  other  laboratory"  work. 

III.  Standard  Tklatmknt  fou  all  Cases  of  Sypiiills. 

At  present  there  is  a  very  great  diversity  in  the  methods  employed 
by  dilferent  medical  officers  in  the  treatment  of  syphilis.  It  miirht 
be  supposed  that  this  diversity  is  caused  by  endeavoring  to  fit  the 
treatment  to  the  individual  needs  of  the  patients,  but  this  is  a  minor 
factor  and  causes  quantitative  rather  than  qualitative  changes  in  the 
treatment.  All  syphilitics  need  mercury,  but  there  is  a  great  variety 
in  the  methods  by  which  this  remedy  may  be  used.  Medical  officers 
become  accustomed  to  using  one  method  or  preparation  and  fre- 
quently use  the  same  preparation  on  all  their  cases,  but  naturally 
vary  the  dosage  to  suit  the  requirement  of  the  individual  patient. 
Since  each  patient  is  different,  we  shall  never  be  able  to  standardize 
rigidly  treatment  and  dosage  in  this  or  any  other  disease,  but,  ob- 
viously, certain  methods  of  treatment  are  superior  to  others,  and 
many  medical  officers  to-day  are  using  inferior  methods.  This  state- 
ment is  based  on  the  treatment  reported  in  hundreds  of  cases.  Xow, 
if  some  methods  are  inferior  and  others  are  markedly  superior,  it 
should  l)e  possible  to  choose  the  better  methods  and  require  their 
general  use  in  the  service.  It  is  clear  that  if,  following  the  exami- 
nation of  recruits,  there  is  to  be  a  great  increase  in  the  number  of 
cases  of  syphilis  that  are  to  be  under  observation  and  treatment,  theix? 
should  be  some  general  consensus  of  opinion  as  to  what  we  wish  to 
accomplish  by  this  treatment  and  as  to  the  methods  to  be  used  in 
attaining  this  end. 

1.  The  purpose  to  he  attained. — In  the  first  place,  are  we  to  aim  at 
the  permanent  cure  of  these  cases,  or  are  we  to  aim  to  simply  give 
sufficient  treatment  to  render  them  noninfectious  and  keep  them  otf 
the  sick  report?  The  answer  to  this  question  depends  partly  upon 
the  length  of  time  the  disease  has  lasted.  P]x})erience  has  shown 
that  when  proi)erly  treated  permanent  cures  can  be  obtained  in  tiie 
majority  of  primary  and  early  secondary  cases,  but  that  cure  is  only 
rarely  obtained  in  late  secondary  and  tertiary  cases.  These  latter 
cases  will  be  the  most  numerous  class  to  be  treated,  since  the  majority 
will  have  been  infected  before  enterinir  the  service.     Thev   would 
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not  have  ])een  enlisted  had  the}^  shoAvn  signs  of  active  secondary 
syphilis,  so  that  we  may  assume  that  they  will  almost  all  belong  to 
the  late  secondary  or  early  tertiary  period,  when  there  is  little  hope 
of  effecting  a  radical  cure.  If  these  cases  are  in  good  general  health, 
to  what  extent  shall  they  be  treated?  In  view  of  the  fact  that  per- 
manent cures  will  be  produced  in  but  few  of  these  cases,  judged  by 
our  past  experience  in  which  the  number  of  cured  cases  is  woefully 
small  in  comparison  to  the  number  actually  treated,  would  it  not  be 
preferable  to  attempt  to  give  only  sufficient  treatment  to  keep  the 
joatient  well  and  off  the  sick  report?  Would  not  this  latter  policy 
save  considerable  expense?  This  question,  which  at  first  appears 
rather  important,  is  in  reality  largely  theoretical.  In  the  first  place, 
most  of  these  patients  will  come  to  treatment  because  they  have  a 
positive  Wassermann.  In  the  second  place,  it  is  generally  accepted, 
except  by  a  few  reactionaries,  that  we  must  be  guided  by  the  Wasser- 
mann reaction  in  the  treatment  of  all  cases  of  syphilis,  and  that  if 
the  Wassermann  becomes  positive  after  a  course  of  treatment  it 
is  an  indication  for  further  treatment.  If  this  indication  is  neglected, 
in  many  cases  there  will  be  a  clinical  relapse,  and  we  will  have  the 
patient  on  sick  report  with  some  condition  that  could  have  been 
avoided  had  treatment  been  given  when  the  Wassermann  first  became 
positive.  Since  these  relapses  are  the  very  thing  that  we  wish  to 
avoid  in  all  cases,  and  since  we  can  never  tell  which  particular  cases 
will  develop  S3^philitic  lesions  if  the  Wassermann  is  neglected,  it 
follows  that  the  only  practical  procedure  is  to  treat  all  patients  so 
long  as  they  have  a  positive  Wassermann.  This  is  not  only  the  one 
practical  method  to  adopt  in  order  to  secure  those  advantages  that 
will  accrue  as  the  result  of  keeping  all  syphilitics  well,  but  it  is  in  line 
with  our  duty  to  the  patient  which  unquestionably  demands  that  we 
give  him  the  best  treatment  possible.  If  we  do  this  in  the  late  sec- 
ondary and  tertiary  cases,  w^e  can  let  the  question  of  cure  take  care 
of  itself. 

The  question  is  different,  however,  in  the  primary  and  early  sec- 
ondary cases.  Since  there  is  ample  evidence  to  show  that  these  cases 
can  be  cured,  if  we  are  failing  to  cure  thorn  at  present  in  our  service 
it  is  because  of  failure  to  use  the  proper  method  of  treatment. 

2.  What  inethod  of  treatment  should  he  adopted? — ^ledical  officers 
h:ne  always  been  required  to  send  all  treatment  given  since  the  last 
Wassermann  reaction  was  made  when  making  requests  for  reexami- 
nations. It  was  originally  supposed  that  by  comparing  these  treat- 
ments with  the  result  effected  in  the  Wassermann  reaction  the  effi- 
cacy of  various  forms  of  treatment  could  be  accm-ately  determined. 
This  \\o\)Q  has  been  blasted,  because  in  thousands  of  records  there  are 
hardlv  two  cases  in  which  the  AVassermann  reaction  has  been  ob- 
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served  for  ji  sullicieiit  length  of  lime  that  huve  received  the  saiLe 
treatment.    This  means  that  if  any  exact  knowledge  as  to  the  value 
of  diif'erent  methods  of  treatment  is  to  he  ol>tained,  some  fuilher 
steps  nnist  be  taken  to  secure  this  information.     The  difliculty  at 
present  is  that  there  has  been  too  great  variety  in  the  treatment  use<l 
by  different  medical  oflicers.    I5ut  (hiring  this  time  considerable  work 
has  been  done  by  various  investigators,  and  as  a  result  of  the  in- 
formation so  obtained  it  should  be  possible  to  adopt  for  experimental 
l)urposes  a  standard  method  of  treating  primary  syphilis,  for  ex- 
ample.   At  present  possibly  one  medical  officer  will  use  2  injections 
of  neosalvarsan  and  15  hypodermic  injections  of  mercury  salicylate, 
while  another  may  use  4  injections  of  salvarsan  and  a  course  of  50 
mercuiial  inunctions.     If  the  former  treatment  is  too  little,  we  lose 
cures,  whereas  if  the  latter  treatment  is  more  than  is  necessary  the 
Government  is  expending  money  on  salvarsan  unnecessarily.    Obvi- 
ously, there  is  a  best  method  to  follow  in  treating  this  condition,  but 
we  will  never  find  it  out  so  long  as  every  medical  officer  treats  his 
cases  differently,  because  no  one  man  has  a  sufficient  number  of  cases 
of  primary  syphilis  on  which  to  base  conclusions.    This  is  obviously 
a  condition  that  requires  organized  research,  which  may  be  obtained 
by  adopting  an  official  standard  treatment  for  primary  syphilis.    A 
beginning  has  already  been  made  along  this  line  in  Circular  Xo.  14, 
August  3,  1914,  from  the  Office  of  the  Surgeon  General.     But,  as 
already  pointed  out,  no  very  valuable  evidence  is  being  secured  at 
present  owing  to  the  fact  that  there  is  too  much  latitude  allowed  in 
the  amount  and  kind  of  treatment.     The  Army  offers  ex<^epti()nal 
advantages  for  determining  the  value  of  different  methods  of  treat- 
ing syphilis,  because  the  total  number  of  such  patients  is  large,  and 
most  of  them  are  kept  under  continuous  observation  for  three  years, 
an  impossibility  in  civil  practice.     ^loreover,  repeated  Wassermann 
reactions  may  be  performed  as  often  as  desired  without  any  expense 
to  the  patient  or  physician.     Such  facilities  for  observation  may  be 
obtained  nowhere  so  well  as  in  the  Army.    If  research  along  this  line 
were  properly  organized,  we  might  expect  to  deternune  deHnitely 
the  best  course  of  treatment  for  the  radical  cure  of  both  jn-imary 
and  early  secondary  syphilis,  the  best  and  most  effective  methods  of 
administering  mercury  and  salvarsan,  and  to  obtain  an  answer  to 
many  (|uestions  at  present  unanswerable  connected  with  the  treatment 
of  syphilis.     Such  information  would  not  only  be  of  scientific  value, 
but  would  be  of  the  greatest  practical  imi)ortance  to  the  Army,  en- 
abling medical  officers  to  secure  control  of  cases  of  syphilis  by  the 
most  efficient  and  economical  method. 


,.♦ 
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THE  STANDARDIZATION  OF  THE  WASSERMANN  REACTION  FOR 
USE  IN  THE  MILITARY  SERVICE. 

In  the  past  no  attempt  has  been  made  to  standardize  the  Wasser- 
mann  reaction,  so  that  all  the  different  service  laboratories  ^yould 
be  using  the  same  test.  As  a  result  several  different  kinds  of  Wasser- 
mann  reactions  have  been  performed  in  the  various  department 
laboratories  according  to  the  particular  idiosyncrasies  of  the  indi- 
vidual officers  in  charge  of  these  laboratories.  The  laboratories  at  the 
Army  Medical  School,  the  Leavenworth  department  laboratory,  and 
the  department  laboratory  at  Fort  Sam  Houston,  Tex.,  have  all  used 
about  the  same  sj^^stem,  namely,  that  described  by  Capt.  Craig, 
Medical  Corps,  in  Bulletin  No.  3,  loc.  cit.  The  laboratories  at  San 
Francisco  and  Manila  have  always  used  a  sheep  hsemolytic  system, 
sometimes  with  controls  to  eliminate  natural  antisheep  ambocepter 
in  the  sera  tested,  and  sometimes  without  such  controls.  Moreover, 
there  has  been  no  uniformity  in  the  different  laboratories  in  the  kind 
of  antigen  used.  Simple  alcoholic  extract  of  guinea-pig  heart,  the 
acetone  insoluble  faction  of  Noguchi,  alcoholic  extract  of  syphilitic 
foetal  liver,  and  cholesterinized  extracts  have  all  been  used  at  differ- 
ent times  in  the  various  laboratories. 

The  natural  result  of  such  variations  has  been  that  no  comparison 
was  possible  between  the  work  of  the  various  laboratories.  A  man 
in  one  department  with  a  double  plus  Wassermann  would  become 
negative  as  soon  as  he  was  transferred  to  another  department  and  his 
blood  was  tested  in  another  laborator^^  or  vice  versa.  This  has 
naturally  tended  to  throw  some  discredit  upon  the  value  of  the 
reaction.  There  have  been  several  opportunities  to  determine  how 
wide  this  variation  ma}^  be.  Thus  in  the  case  of  a  man  strongly  sus- 
pected of  being  syphilitic  one  of  the  department  laboratories  could 
not  get  higher  than  a  plus  reaction.  The  blood  was  sent  to  the 
laboratory  of  the  Army  Medical  School,  where  a  double-plus  reaction 
was  obtained.  The  surgeon  in  charge  at  this  department  laboratory 
then  sent  me  some  of  his  antigen,  and  his  antigen  was  compared  with 
the  heart  cholesterin  antigen  as  indicated  b}'  the  following  titrations: 

0.1  c.  c.  suspected  sifphilitie  serum  used  in  all  fuhes. 


Antigen  (liihoratory  Army  Medical  School). 
AnfiKoii  (depart ment  lubi)ralory ) 


Amount  of  antigen  used. 


O.OSSc.c. 

+ 
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0.1  c.  c.  antiyen  uffcd  in  all  tubes. 


AntfRen  (labonitory  Army  Modlcal  School). 
Antigen  (department  liihonitory) 


Amount  of  serum  used. 


/  c.  e. 

+  + 
+ 


0. 75  c.  e. 


0.60  c.e. 

+  + 


O.SJie.e. 

+ 


It  is  quite  evident  from  this  that  many  cases  giving  a  double  phis 
reaction  at  the  Army  Medical  School  will  vary  Ijetween  a  plus  and  a 
negative  reaction  at  this  particular  department  laboratory. 

Still  more  important  is  the  fact  that  no  systematic  endeavor  to 
study  the  results  of  the  treatment  of  syphilis  in  the  Army  can  be  of 
great  value  until  all  AVassermann  reactions  are  performed  in  the 
same  manner.  For,  in  following  the  syphilitic  registers  of  cases 
having  received  a  certain  treatment,  but  having  had  their  Wasser- 
mann  reactions  performed  at  different  laboratories,  no  comparison 
is  possible.  It  should  be  possible  in  the  Army  to  determiiie  the  best 
method  of  treating  syphilis,  since  the  patients  are  under  control  and 
observation  during  the  entire  period  of  their  enlistment.  Thus  a 
certain  fixed  treatment  could  be  outlined  w^hich  would  be  followed 
exactly  on  all  syphilitics  by  a  certain  number  of  posts.  Another 
treatment  could  be  carried  out  systematically  on  all  syphilitics  at 
certain  other  posts.  At  the  end  of  a  few  years  we  would  then  be  in  a 
position  to  state  definitely  as  the  result  of  this  experience  what  should 
be  adopted  as  a  standard  treatment  of  syphilis  in  the  Army.  But 
before  this  could  be  done  it  is  essential  that  all  Wassermann  reactions 
in  the  service  should  be  made  according  to  the  same  techricjue  and 
should  be  strictly  comparable. 

Further,  it  has  been  recommended  that  the  Wassermann  reaction 
be  performed  on  all  recruits,  and  this  will  entail  the  establishment  of 
new  laboratories  for  the  performance  of  the  Wassermann  reaction. 
It  is  particularly  desirable  that  the  reaction  performed  in  these  re- 
cruits should  in  all  cases  be  the  same  and  that  the  results  of  the  dif- 
ferent laboratories  established  at  recruit  depots  should  be  strictly 
comparable.  For  all  these  reasons,  it  has  been  thought  desirable  to 
{ittemi)t  at  this  time  the  standardization  of  the  Wassermann  reaction 
for  military  service. 

This  subject  of  standardization  may  be  considered  under  two 
lieads: 

I.  The  compulsory  use  of  the  same  reaction  in  all  laboratories. 

II.  A  standard  equipment  for  this  work  to  be  supplied  to  all 
laboratories. 
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I.  The  Compulsory  Use  of  the  Same  Reaction  in  Axl  Laboeatobies, 

1.  7'he  system  to  he  adopted. — If  the  recommendations  of  the 
writer  are  followed,  the  reaction  to  be  adopted  will  be  that  described 
by  Capt.  Craig  in  Bulletin  Xo.  3,  Office  of  the  Surgeon  General,  with 
certain  slight  modifications;  in  other  words,  the  system  in  use  in  this 
laboratory  at  present. 

It  will  be  unnecessary  to  describe  this  reaction  further  here  because 
of  the  full  description  of  the  technique  given  in  Bulletin  Xo.  3,  and 
it  is  only  necessary  to  mention  the  modifications.    These  consist  of: 

(1)  The  use  of  a  0.4  per  cent  cholesterinized  human  heart  alco- 
holic extract,  prepared  as  follows:  A  normal  human  heart  is  ob- 
tained from  a  recent  autopsy,  this  is  washed  free  from  blood  and 
all  fat  is  carefully  removed.  The  heart  muscle  is  then  minced  by 
running  through  a  meat  grinder,  and  to  each  100  grams  of  this 
minced  heart  muscle  1,000  c.  c.  of  absolute  alcohol  are  added.  The 
whole  mixture  is  then  placed  in  bottles  in  a  shaking  machine  and 
shaken  continuously  for  24  hours,  at  the  end  of  which  time  extraction 
is  completed.  The  alcoholic  extract  is  filtered  off  and  kept  in  well- 
stoppered  bottles  in  an  ice  chest.  The  extract  so  prepared  and  kept 
appears  to  retain  its  properties  unimpaired  for  a  long  time.  From 
time  to  time  small  quantities,  such  as  25  c.  c,  are  removed  from  this 
stock  and  cholesterin  is  added  in  such  proportion  as  to  render  the 
resultant  solution  0.4  per  cent  cholesterin.  If  cholesterin  is  added 
to  the  whole  volume  of  the  extract  it  does  not  keep  nearly  so  well 
and  is  apparently  more  apt  to  become  anticomplementary^  After 
the  cholesterin  is  thoroughly  dissolved,  the  antigen  is  again  filtered 
and  stored  in  the  ice  box.  The  antigen  is  then  titrated  with  positive 
and  negative  sera,  and  to  determine  its  anticomplementary  limits. 

(2)  The  use  of  measured  quantities  of  blood  serum  to  be  tested  in- 
stead of  the  four  drops  from  a  capillary  pipette.  It  has  been  found 
that  drops  from  a  capillary  pipette  actually  vary  considerably  in  size, 
even  when  the  end  of  the  pipettes  are  of  the  same  diameter.  The  size 
of  the  drop  under  these  circumstances  depends  upon  the  viscosity  of 
the  serum,  which  varies  considerably  in  different  patients.  It  was, 
therefore,  thought  desirable  to  abandon  the  use  of  capillary  pipettes 
and  use  standard  1  c.  c.  pipettes  graduated  in  tenths  and  hundredths. 
One-tenth  of  a  c.  c.  of  serum  to  be  tested  is  measured  into  the  front 
tube,  for  the  actual  test,  and  from  1  c.  c.  to  2  c.  c,  depending  upon  the 
amount  of  sei'um  furnished,  is  measured  into  the  back  tube  for  the 
anticomplementary  control.  This  has  necessitated  the  adoption  of 
different  methods  of  collecting  blood  specimens,  since  sufficient  serum 
(0.;^  c.  c.)  was  rarely  sent  in  the  Wright  ca]^sule.  nor  was  it  easy  to 
withdraw  serum  from  a  Wright  capsule  into  a  graduated  pipette. 
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r'or  all  of  these  reasons  a  r.ew  method  of  collecting  blood  which  will 
he  described  later,  is  recommended. 

2.  Advantages  to  he  gained  hy  the  adoption  of  this  system  hy  all 
■service  lal> oratories. — There  are  a  number  of  reasons  for  urging  the 
universal  jidoption  of  this  system,  which  may  be  stated  briefly  as 
follows: 

(1)  It  is  at  present  in  use  in  4  out  of  G  of  the  department  labora- 
tories, and  therefore  the  adoption  of  this  system  will  cause  the  least 
;i mount  of  change  in  existing  practice. 

(2)  It  is  believed  that  this  system  is  unquestionably  as  accurate 
and  efficient  as  anj^  other  system.  It  has  also  l:)een  demonstrated 
that  two  men  working  independently  can  secure  identical  results 
when  using  this  system.  An  evidence  of  this  may  be  seen  by  com- 
paring the  two  sets  of  figures  obtained  by  Capt.  Craig  and  myself 
in  the  survey  of  prisoners  at  Fort  Leavenworth. 

(3)  It  is  the  most  convenient  system  in  that  it  eliminates  the 
necessity  of  keeping  sheep  and  also  the  necessity  for  making  con- 
trols to  detect  the  presence  of  natural  antisheep  amboceptor  in  the 
sera  tested. 

(4)  It  is  very  economical  in  the  use  of  materials  such  as  ambo- 
ceptor, antigen,  and  complement.  This  fact  results  not  only  in  the 
saving  of  time  and  money,  but  it  affords  the  possibility  of  perform- 
ing a  large  number  of  tests  with  the  same  amboceptor  and  antigen. 
This  further  tends  to  standardize  the  reaction. 

Xo  two  antigens  or  amboceptors  act  exactly  in  the  same  manner, 
and  therefore  the  use  of  the  same  reagents  over  as  long  a  period  as 
possible  is  desirable  in  order  that  the  results  obtained  should  be 
comparable.  In  this  connection  it  mav  be  noted  that  the  same 
antigen  was  used  in  practically  all  of  the  tests  performed  in  the 
course  of  this  survey  work. 

(5)  Amboceptor  paper,  as  used  in  these  tests,  keeps  practically 
indefinitely  and  may  be  made  up  months  in  advance.  A  consider- 
able stock  may  thus  be  V^\)i  on  hand,  and  the  laboratory  worker 
should  never  be  troubled  with  any  shortage  in  amboceptor.  This 
eliminates  one  ver}^  disagreeable  feature,  perpetual  shortage  of 
amboceptor,  which  has  been  experienced  by  many  Wassermann 
"Workers. 

(6)  The  antigen  recommended,  an  alcoholic  extract  of  human 
heart,  fortified  Avith  0.4  per  cent  cholesterin,  has  been  found  to  bo 
most  efficient  and  reliable,  and  is  the  nearest  approach  to  a  standard 
antigen  obtainable  at  present;  it  is,  moreover,  obtainable  with  great 
ease  in  large  quantities. 

(7)  It  has  been  found  by  actual  experience  that  the  most  important 
reagents  for  use  in  the  Wassermann.  namely,  the  amboceptor  paper 
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and  the  antigen,  can  be  sent  by  mail  to  distant  points,  and  may  there 
be  used  by  workers  who  do  not  happen  to  have  the  facilities  for  pre- 
paring these  reagents.  Thus  amboceptor  and  antigen  were  supplied 
by  mail  to  Maj.  Russell,  Medical  Corps,  at  Vera  Cruz,  Mexico,  and 
Maj.  Russell  was  thus  able  to  perform  the  Wassermann  reaction  in 
the  field  laboratory  for  the  troops  serving  at  Vera  Cruz.  It  is  be- 
lieved that  this  is  the  first  time  that  the  Wassermann  reaction  has  ever 
been  done  at  a  field  laboratory. 

The  facilities  for  preparing  these  reagents  at  the  Army  Medical 
School  Laboratory  are  superior  to  those  at  most  other  laboratories. 
The  experience  related  above  suggests  that  it  might  be  desirable  to 
prepare  amboceptor  and  antigen  at  this  laboratory  in  quantities  suffi- 
cient to  supply  the  other  department  laboratories.  This  would  sim- 
plify the  work  for  the  laboratories  having  the  least  facilities,  and 
Avould  also  tend  to  further  standardize  the  reaction.  Even  if  this 
should  not  be  desirable  or  feasible,  it  is  believed  that  this  plan  should 
be  followed  in  the  case  of  the  new  laboratories  whose  establishment 
is  contemplated  at  recruit  depots  for  the  performance  of  the  Wasser- 
mann on  recruits,  and  that  amboceptor  and  antigen  should  be  sup- 
plied these  laboratories  from  the  Army  Medical  School.  The  officers 
in  charge  of  these  laboratories  will  have  their  hands  full  in  taking 
blood  specimens  and  in  actually  performing  the  reactions,  without  the 
additional  trouble  of  preparing  their  own  reagents,  and  in  addition, 
if  this  suggestion  is  adopted,  an  advantage  will  be  secured  in  that  all 
of  these  recruit  depots  will  be  performing  the  reaction  with  the  same 
materials. 

3.  Possible  objections  to  the  compulsory  use  of  the  same  reaction 
in  all  laboratories. —  (1)  The  adoption  of  any  particular  technique 
"  by  order  "  might  be  resented  by  certain  workers  using  a  different 
system,  who  might  regard  this  as  an  infringement  on  their  scientific 
liberties. 

However,  this  is  not  a  serious  objection.  The  manifest  advantages 
accruing  to  the  service  from  the  adoption  of  a  uniform  system  should 
be  sufficient  inducement  to  the  laboratory  worker  to  forego  opposi- 
ti(m  to  such  a  procedure.  In  any  case,  in  the  military  service  pro- 
cedures become  standardized  as  soon  as  there  is  a  sufficient  body  of 
evidence  to  justify  the  procedure.  Thus  methods  of  diagnosis  in 
typhoid  and  antityphoid  inoculation  have  become  standardized  in  the 
military  service,  to  the  great  advancement  of  the  interests  of  the 
service. 

(2)  Such  a  standard  system,  however,  should  not  be  so  inelastic  as 
to  be  impervious  to  real  improvements.  The  technique  of  the  Was- 
sermann reaction  has  been  continuously  subject  to  modifications, 
some  of  which  have  been  improvements,  and  there  is  no  reason  to 
suppose  that  further  improvement  will  never  be  made  in  the  future. 
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If  the  reaction  is  to  be  kept  standardized  it  will  not  Ije  possible  for 
individual  workers  to  adoi)t  such  improvements  on  their  own  initia- 
tive. But  any  worker  who  l)elieves  he  has  found  such  a  desirable 
improvement  can  call  attention  to  it  by  publication  or  by  letter  to 
the  Surgeon  General,  and  if  it  is  generally  approved  this  improved 
technicjue  can  be  adopted  simultaneously  l)y  all  lal)oratories  in  ac- 
cordance with  a  circular  which  may  be  issued  by  the  Surgeon  General 
describing  and  directing  such  change. 

II.  A  Stam)ai:i)  Equipment  for  the  Wassermann  Reaction. 

1.  The  collection  of  hlood  specimens. — In  the  past  specimens  have 
been  collected  in  Wright  capsules  and  mailed  to  the  laboratory.  The 
Wright  capsule  had  many  advantages  which  justified  its  adoption 
for  routine  use  in  the  service,  but  experience  has  demonstrated  that 
it  also  possesses  certain  disadvantages,  which  may  be  briefly  enumer- 
ated as  follows: 

(1)  It  can  only  be  filled  ^vith  a  sufficient  quantity  of  blood  by 
rigid  adherence  to  a  certain  technique.  If  this  technique  is  modified 
in  any  way,  the  specimen  is  worthless. 

To  anyone  w^ho  has  acquired  this  technique  it  seems  amazing  that 
so  much  difficulty  is  experienced  by  others  in  securing  proper  speci- 
mens; yet  approximately  10  per  cent  of  the  specimens  arriving  at 
this  laboratory  must  be  rejected  because  they  either  contain  an  insuffi- 
cient amount  of  blood,  or  have  been  hsemolysed  through  burning  the 
blood  at  the  time  the  tube  is  sealed,  or  through  breakage  in  transit 
or  in  centrifuging  because  the  tube  has  been  improperly  sealed. 

(2)  Even  when  the  specimen  has  been  properly  collected,  a  fur- 
ther percentage  becomes  spoiled  in  transit.  This  is  due  to  the  fact 
that  the  mechanical  shaking  in  the  mail  is  sufficient  in  some  cases 
to  hsemolyse  the  red  cells,  so  that  the  serum  becomes  too  deeply 
stained  with  the  dissolved  haemoglobin  to  permit  of  an  accurate  read- 
ing of  the  Wassermann.  A  further  percentage  of  specimens  becomes 
anticomplementary  during  transit.  These  difficulties  are  most 
marked  in  the  case  of  posts  situated  at  a  considerable  distance  from 
the  laboratory  and  when  for  any  reason  there  has  been  any  delay  in 
the  mail  service. 

(3)  Under  the  best  circumstances  the  Wright  capsule  when  filled 
with  blood  rarely  contains  0.3  c.  c.  blood  serum,  and  when  the  tube 
contains  unclotted  blood  it  is  impossible  to  fill  a  graduated  pipette 
from  the  AVright  tube.  As  a  result,  the  serum  has  been  taken  from 
the  Wright  tube  with  a  capillary  pipette  and  i  drops  of  serum  used 
in  both  front  and  back  tubes  in  the  test.  While  it  is  not  believed 
that  this  drop  method  has  led  to  any  serious  inaccuracies,  yet  it  is 
obviously  more  scientific  to  use  an  accurately  measured  quantity  of 
serum  in  each  test. 
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The  constant  loss  of  specimens  entails  extra  work  at  the  post  and 
in  the  laboratory,  and  must  be  exceedingly  annoying  to  everyone, 
from  the  patient  who  has  to  be  bled  twice,  to  the  laboratory  worker, 
the  clerk  who  mails  the  reports,  and  back  to  the  surgeon,  who  is 
disappointed  at  receiving  word  that  the  specimen  ''  leaked  *'  or  was 
"  hsemolysed  "  when  he  is  expecting  a  report  on  a  case.  In  addition 
to  being  annoying,  delay  in  receiving  the  report  on  the  Wassermann 
may  frequently  be  a  serious  matter  in  a  case  in  which  treatment 
should  be  given  promptly.  For  all  of  these  reasons  it  has  been 
thought  desirable  to  devise  some  other  method  of  sending  blood 
specimens  which  would  have  the  advantages  of  the  Wright  capsule 
without  the  above  disadvantages. 

The  method  about  to  be  described  was  worked  out  in  collaboration 
with  Maj.  B.  H.  Dutcher,  Medical  Corps.  When  survey  work  from| 
Porto  Eico  was  first  started  it  was  found  that  specimens  collected  in 
Wright  capsules  were  absolutely  worthless  by  the  time  they  arrived| 
at  this  laboratory.  I  suggested  sending  serum  alone,  but  Maj. 
Dutcher  stated  that  it  was  very  difficult  to  fill  a  Wright  capsule  with 
serum,  and  suggested  a  tube  about  the  same  size  as  a  Wright  capsule, 
closed  at  one  end  and  draAvn  out  at  the  other  end,  but  left  open  to 
permit  the  introduction  of  a  hypodermic  needle.  A  number  of  such 
tubes  were  made  and  sent  to  Maj.  Dutcher  at  San  Juan,  P.  R.,  and 
thereafter  nothing  but  perfect  specimens  were  received  from  him, 
containing  an  ample  sufficiency  of  clear  serum.  None  of  them  were 
anticomplementary,  and  the  fact  that  perfect  specimens  can  be  sent 
from  this  distance  demonstrates  the  practicability  of  the  method. 

These  tubes  are  made  of  soft  glass  tubing,  having  an  inside  diam- 
eter of  one- fourth  of  an  inch,  and  when  completed  are  about  3 J 
inches  long.  (See  fig.  1.)  These  tubes  are  made  at  the  laboratory 
of  the  Army  Medical  School  and  will  be  supplied  on  requisition. 

Blood  may  be  collected  from  a  vein  by  any  method  the  surgeon 
prefers.  Probabh^  the  simplest  method  is  to  introduce  a  large-caliber 
hypodermic  needle  into  the  vein,  permitting  the  blood  to  drip  into 
a  sterile  test  tube  or  centrifuge  tube.  The  blood  maj^  be  withdrawn 
with  a  sterile  syringe  and  transferred  to  a  sterile  centrifuge  tube. 
The  Keidel  vacuum  tube  gives  excellent  results,  but  its  cost  pro- 
hibits its  extensive  use  in  the  military  service. 

A  satisfactory  and  rapid  method  of  obtaining  blood  from  a  vein  is 
alTorded  through  the  use  of  the  Macrae  needle,  which  is  made  by 
Tiemann,  Xew  York.  This  device  consists  of  a  rubber  stopper, 
through  wliich  pass  a  straight  needle  and  a  curved  tube.  The  rubl)er 
stopper  with  the  needle  is  sterilized  by  boiling  and  placed  in  any 
small  sterile  test  tube  which  fits  the  stopper  snugly.  A  piece  of 
thick  rubber  tubing  which  is  furnished  with  the  device  is  tlien 
attached  to  the  curved  tube  where  it  projects  from  the  stopper  and 
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fche  ai)i)ar}itiis  is  leady  to  use.     I'he  patient's  arm  is  sterilized  In 
[odine,  a  toiirnifiuet  is  passed  about  the  upper  arm,  and  the  patient 

directed  to  open  and  close  his  fist  several  times.     xVs  soon  as  the 
reins  fill  and  stand  out  clearly  the  needle  is  thrust  into  the  vein 

id  suction  applied  to  the  rubber  tube.     The  vacuum  thus  produced 

muses  the  blood  to  spurt  into  the  tube  in  a  steady  stream,  so  that 

several  cubic  centimeters  of  blood  can  be  collected  in  a  few  seconds. 

The  needle  is  withdrawn  and  the  puncture  sealed  with  collodion. 

(See  fig.  2.) 

When  a  considerable  number  of  bloods  are  to  be  taken  three  or 
four  of  these  needles  may  be  used.  As  each  case  is  completed  an 
assistant  takes  the  needle  and  stopper,  cleanses  it  of  blood,  and  drops 
it  in  a  convenient  boiler  and  hands  the  operator  a  freshly  boiled 
needle  for  the  next  case.  By  keeping  several  needles  constanth'  boil- 
ing and  using  them  in  sequence  no  time  is  lost,  and  no  more  than  a 
minute  or  two  need  be  given  to  each  case,  so  that  a  large  number  of 
specimens  may  be  taken  in  a  short  time.  As  these  needles,  if  properly 
cared  for,  can  be  used  indefinitely,  the  cost  of  this  procedure  is 
trifling.    The  retail  price  of  these  needles  is  $1.75. 

However  the  blood  be  taken,  the  tube  containing  it  is  properly 
labeled  and  should  stand  at  room  temperature  for  one  or  tico  hours. 
This  is  important,  for  blood  clots  much  more  readily  at  room  tem- 
])erature.  Frequently  it  will  be  found  if  tubes  containing  freshly 
drawn  blood  are  placed  in  the  ice  box  at  once  the  blood  clot  adheres 
to  the  walls  of  the  tube,  and  no  serum  can  be  obtained  without  loosen- 
ing the  clot.  This  injures  the  blood  cells,  and  often  results  in  a 
ha^molysed  serum.  If  the  blood  be  left  at  room  temperature,  plenty 
of  serum  can  usually  be  withdrawn  at  the  end  of  one  hour.  If  separa- 
tion of  serum  has  not  been  rapid  enough,  this  may  be  hastened  by 
placing  the  tube  in  a  centrifuge  and  shaking  the  clot  down.  The 
process  is  materially  facilitated  by  collecting  the  blood  originally  in 
a  centrifuge  tube,  or  at  least  a  small  test  tube  Avhich  may  be  fitted 
into  the  centrifuge,  in  order  to  avoid  the  necessity  for  transferring 
any  blood  specimens  into  a  different  tube  at  this  stage  of  the  pro- 
cedure. 

As  soon  as  the  serum  has  separated  from  the  clot  it  is  withdrawn 
by  means  of  a  Record  syringe  and  a  needle  that  has  been  specially 
made  for  this  purpose  by  the  Kny-Scheerer  Co.,  New  York.  This 
needle  is  of  large  bore,  so  that  it  will  not  readily  become  clogged,  fits 
the  Record  syringe,  is  4  inches  long,  and  when  attached  to  the  syringe 
the  point  of  the  needle  easily  reaches  the  bottom  of  a  centrifuge  tube. 
This  syringe  is  filled  with  clear  serum,  as  shown  in  figure  3. 

The  needle  is  then  introduced  into  the  modified  Wright  capsule 
described  above  and  the  serum  is  expelled  from  the  syringe  until  the 
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tube  is  three-fourths  full,  taking  care  not  to  soil  the  end  of  the  tube 
with  serum.     (See  fig.  4.) 

The  end  of  the  tube  is  then  sealed  in  the  flame  of  a  bunsen  burner 
or  alcohol  lamp,  labeled,  and  is  ready  to  be  packed  for  the  mail. 

When  the  tube  arrives  at  the  laboratory,  labeled  with  the  patient's   ^ 
name,  it  is  given  a  serial  number,  and  number,  name,  and  post  from   ||< 
which  received  are  entered  in  a  blank  book  kept  for  this  purpose. 
After  having  been  entered  in  this  way,  the  specimen  throughout  its 
further  course  in  the  various  steps  of  the  Wassermann  reaction  is 
identified  only  by  its  number. 

As  soon  as  numbered  the  specimens  are  placed  serially  in  the  com- 
partments of  a  wooden  tray  shown  in  figure  6.  This  tray  can  be  made 
by  any  carpenter  and  contains  a  double  row  of  compartments,  each  2 
inches  square.  These  compartments  are  numbered  from  1  to  10. 
The  specimens  numbered  from  1  to  10  are  placed  in  the  first  com- 
partment; from  11  to  20  in  the  second,  etc.  One  such  tray  will, 
therefore,  hold  100  specimens.  When  a  larger  number  of  specimens 
must  be  handled,  two  such  trays  may  be  used,  the  compartments  in 
the  second  tray  being  numbered  from  11  to  20.  It  is  a  great  ad- 
vantage to  keep  the  specimens  together  in  their  proper  sequence  in 
this  manner,  since  when  the  tests  are  set  up,  each  rack  (fig.  9)  con- 
tains space  for  10  specimens,  the  ones  numbered  from  1  to  10  going 
in  the  first  rack. 

Since  only  serum  is  sent  in  the  tubes  described  (fig.  1),  the  neces- 
sity for  centrifuging  the  specimens  is  obviated  and  they  are  now 
ready  for  inactivation.  Serum  is  inactivated  by  being  kept  at  a 
constant  temperature  of  56°  C.  for  one-half  hour.  Various  kinds  of 
apparatus  have  been  devised  for  this  purpose,  but  in  this  laboratory 
the  following  equipment  has  been  found  to  be  most  satisfactory. 
The  specimens  are  taken  from  the  tray  and  placed  in  a  specially  con- 
structed paraffin  bath,  which  is  kept  in  a  Freas  electric  incubator  set 
at  56°  C.     This  incubator,  with  the  bath  inside,  is  shown  in  figure  5. 

THE   FREAS    ELECTRIC   INCUBATOR. 

This  incubator  is  catalogued  as  No.  B.  5025  by  Eimer  and  Amend, 
New  York.  Its  inside  dimensions  are  12  by  12  by  12  inches,  and  the 
retail  price  is  $85.50.  The  advantages  of  this  incubator  are  that  it 
will  maintain  a  constant  temperature  of  56°  C.  without  any  trouble- 
some manipulations.  It  is  heated  and  regulated  automatically  by 
electricity,  and  is  therefore  available  in  posts  having  electricity  but 
not  gas,  and  the  fire  risk  is  eliminated. 

AVater  is  not  recjuired,  so  that  there  can  be  no  leakage.  No  auxiliary 
devices  are  needed.  To  operate  it  is  only  necessary  to  attach  it  to 
a  lamp  socket  and  turn  on  the  current.     It  burns  very  little  elec- 
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FIG.  5.— FREAS   INCUBATOR   WITH    PARAFFINE   BATH    FOR   INACTIVATING 

SPECIMENS. 
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FIG.  6.— TRAY  FOR  SPECIMENS. 


FIG.  7.-PARAFFiNE   BATH   FOR   INACTIVATING  SPECIMENS. 
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tiicity,  because  it  is  so  constructed  that  there  is  little  loss  of  heat,  and 
after  it  is  once  heated  only  sufficient  current  is  used  to  maintain  this 
temperature.  Finally,  it  is  a  permanent  piece  of  apparatus  which 
with  ordinarily  careful  handling  should  remain  serviceable  indefi- 
nitely. 

PARAFFIN    HATII, 

The  bath  shown  in  figure  7  was  constructed  of  sheet  copper  by 
Topham,  Wasliington,  D.  C,  in  accordance  with  specificaticms  fur- 
nished by  the  writer,  and  can  be  duplicated  for  $15.  Its  dimensions 
are  10  by  10  by  3 J  inches  deep.  It  contains  21  compartments  each 
2  inches  square  and  2  compailments  2  by  4  inches  s^juare.  These 
compartments  all  communicate  at  the  bottom,  so  that  the  paraffin 
with  which  the  bath  is  filled  can  flow  readily  from  one  compartment 
to  another,  and  thus  maintain  a  constant  temperature  and  the  same 
level  in  all  compartments.  Each  small  compartment  is  designed  to 
receive  10  tubes  (fig.  1)  of  serum.  The  two  larger  compartments 
are  designed  to  hold  larger  tubes  or  ampules  which  are  occasionally 
received.  It  w411  be  seen  that  the  bath  is  large  enough  to  inactivate 
250  specimens  at  once,  which  is  the  largest  number  of  tests  that  has 
been  handled  in  one  day  in  this  laboratory.  It  possesses  the  great 
advantage  that  the  specimens  can  be  kept  in  order,  thus  saving 
much  time  that  would  otherwise  be  spent  in  sorting  specimens. 
Thus  the  tubes  numbered  from  1  to  10  from  compartment  1  of  the 
tray  (fig.  6)  would  be  placed  in  the  first  compartment  of  the  par- 
affin bath,  the  tubes  numbered  from  11  to  20  from  compartment  2 
of  the  tray  in  the  second  compartment  of  the  paraffin  bath,  and  so  on. 
A  thermometer  is  kept  constantly  in  the  bath  to  guard  against 
variations  in  temperature. 

PARAFFIN. 

Paraffin  of  a  melting  point  of  43°  C.  is  used  in  sufficient  quantitv 
to  keep  the  bath  about  three-fourths  full;  i.  e.,  to  completely  cover 
the  serum  in  the  specimen  tube.  Paraffin  of  higher  melting  points 
can  be  used  but  is  undesirable  because  it  solidifies  on  the  specimen 
tubes  too  rapidly  as  they  are  removed  from  the  bath.  Water  can 
also  be  used  in  t\\e  bath,  but  paraffin  is  distinctly  ]n*eferable.  It 
happens  not  infrequently  that  the  glass  tubes  containing  specimens 
become  cracked  or  leak  because  of  imj^erfect  sealing.  If  water  were 
used  in  the  bath,  the  leakage  of  water  into  the  specimen  would  render 
the  specimen  unfit  for  use.  On  the  other  hand,  when  paraffin  is 
used  in  the  bath  it  is  immaterial  even  if  paraffin  does  leak  into  the 
specimen,  for  it  does  not  mix  with  the  serum  and  hardens  as  soon 
as  the  specimens  are  removed  from  the  bath.  This  paraffin  can  be 
purchased  at  a  rate  of  15  cents  j^er  pound,  and  about  10  pounds  are 
required  to  fill  the  bath.    It  is  used  over  and  over  again,  so  that  only 
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small  amounts  are  required  from  time  to  time  to  make  up  for  losses 
and  to  keep  the  bath  at  the  proper  level. 

After  the  specimens  haA^e  been  inactivated  in  this  paraffin  bath  for 
half  an  hour  the  bath  is  removed  from  the  incubator  and  the  speci- 
mens are  quickly  taken  from  the  bath.  Each  tube  as  it  is  removed 
from  the  bath  is  wiped  with  a  piece  of  cotton  or  gauze  to  remove  the 
excess  paraffin  and  is  replaced  in  the  proper  compartment  of  the 
tray  previously  described  (fig.  6). 

THE  BLOCK  FOR  BREAKING  SPECIMEN  TUBES. 

The  specimen  tubes  are  sealed  at  both  ends  and  must  be  opened 
before  the  serum  can  be  pipetted  off.  This  is  done  by  scratching  the 
tube  deeply  with  a  file  or  hardened  steel  knife  at  a  point  slightly 
above  the  level  of  the  serum  and  breaking  off  the  tip  of  the  tul:)e  by 
a  smart  blow  with  the  wooden  handle  of  the  file  or  knife.  The  tube 
almost  invariably  breaks  cleanly  at  the  point  scratched.  This  opera- 
tion was  originally  performed  by  resting  the  tube  on  the  edge  of  the 
table  at  which  the  Wassermann  work  is  done.  It  was,  however,  a 
noisy  operation  and  disfigured  the  table.  A  block  for  this  purpose 
was  therefore  devised  (fig.  8).  This  is  a  simple  wooden  block  with  a 
beveled  edge,  reinforced  with  a  piece  of  sheet  lead.  The  bottom  of 
the  block  is  covered  with  a  sheet  of  corrugated  rubber.  The  rubber 
prevents  the  block  from  slipping  about  on  the  table,  and  both  the 
rubber  and  the  lead  deaden  the  sound  so  that  it  is  barely  perceptible. 
The  lead  forms  a  better  bed  upon  which  to  rest  the  tube  when  it  is 
struck  than  is  afforded  by  the  wood  alone. 

Around  the  edge  of  the  block  is  fastened  a  rack  with  four  compart- 
ments. This  is  quite  a  convenient  place  to  arrange  the  specimens 
upon  which  the  operator  is  working,  but  is  not  an  essential  part  of 
the  block. 

THE  WASSERMANN  RACK. 

There  are  several  Wassermann  racks  on  the  market,  but  none  of 
them  have  been  satisfactory  to  the  writer  for  various  reasons,  and 
they  are  expensive  ($2.50  apiece).  The  following  rack  (fig.  9)  was 
made  by  Topham,  of  Washington,  D.  C,  in  accordance  with  speci- 
fications furnished  by  the  writer,  at  a  price  of  $1  apiece.  It  is  made 
throughout  of  copper  of  such  weight  as  to  be  strong  and  durable. 
Each  rack  contains  10  pairs  of  holes,  for  10  tests,  and  the  corre- 
sponding anticomplementar}^  controls,  and  is  constructed  so  that  it 
is  impossible  for  a  tube  to  fall  out,  no  matter  how  hard  the  rack  is 
shaken.  At  each  e.id  of  the  rack  is  a  handle  through  which  the  fingers 
may  be  slipped,  and  two  racks  may  be  carried  at  once  with  one  hand 
by  placing  thorn  end  to  end  and  lifting  them  b}^  the  two  middle 
handles.    Each  pair  of  tubes  is  numbered  from  1  to  10  b}^  stamping 


Bulletin  Nn.  8,  Surgeon  General,  Army. 


FIG.  8— BLOCK   FOR  BREAKING  CAPSULES. 


FIG.  9.— WASSERMANN    RACK. 
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FIG.  10.— AMBOCEPTOR   CUTTER.     BACK  VIEW  SHOWING  SCALE 

AND   SET  SCREW. 


FIG.  11.— AMBOCEPTOR  CUTTER.  FRONT  VIEW  SHOWING  GAUGE. 
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the  ai)propriate  nimil)er  into  the  copper  between  each  pair  of  holes. 
Twenty  such  racks  are  used  in  a  set,  and  each  rack  is  numbered  from 
1  to  20  by  stamping  the  number  in  the  left-hand  corner  of  the  top 
copper  cross  piece.  By  this  means  every  tube  is  numbered  serially, 
and  each  specimen  from  1  to  '200  may  be  placed  in  its  appropriate 
tube.  Thus  specimen  No.  9  would  be  placed  in  tul)e  D,  rack  1.  Speci- 
nen  No.  19  would  be  placed  in  tube  9,  rack  2.  Specimen  29  would  be 
placed  in  tube  9,  rack  3.  Specimen  No.  34  would  be  placed  in  tube 
4,  rack  4.  Specimen  40  would  be  placed  in  tube  10,  rack  4,  etc.  The 
use  of  racks  containing  10  tests  is  a  great  advantage,  since  it  is  al- 
most impossible  to  confuse  specimens  when  they  are  numbered 
serially  and  each  placed  in  a  correspondingly  numbered  tulje.  In 
order  to  maintain  this  numbering,  when  for  any  reason  a  specimen 
is  spoiled  or  rejected,  it  becomes  necessary  to  remove  the  tubes  corre- 
sponding to  the  number  of  the  specimen. 

SETTING    UP    THE    TESTS. 

The  tubes  are  all  filled  with  the  proper  amount  of  salt  solution 
(0.9  c.  c.)  and  placed  in  the  racks  (fig.  9),  which  are  arranged  in 
numerical  sequence  before  the  operator.  If  a  considerable  number 
of  tests  are  to  be  performed,  much  valuable  time  is  saved  by  working 
with  an  assistant.  The  assistant  sits  at  the  table  at  the  left  side  of 
the  operator,  with  the  tray  containing  the  specimens  (fig.  6)  and 
the  block  (fig.  8)  in  front  of  him.  The  assistant  then  takes  the  speci- 
mens in  their  proper  numerical  sequence  and,  breaking  the  capsules, 
hands  them  to  the  operator.  The  operator  inserts  a  graduated 
pipette  and  withdraws  sufficient  serum  (0.3  c.  c.)  and  pipettes  off 
one-tenth  of  a  cubic  centimeter  into  the  anterior  tube  corresponding 
to  the  number  of  the  test  and  two-tenths  of  a  cubic  centimeter  into 
the  posterior  tube  for  the  anticomplementary  control.  AVhen  the 
sera  of  all  the  tests  have  been  placed  in  the  proper  tubes,  complement 
and  antigen  are  added.  Two  special  long  1  cubic  centimeter  pipettes 
graduated  in  tenths  and  hundredths  are  used  for  this  operation.  A 
preliminary  titration  of  the  complement,  which  is  invariably  made, 
usually  shows  that  the  unit  of  complement  is  0.05  cubic  centimeter. 
Since  two  units  are  used  in  each  test,  one-tenth  of  a  cubic  centimeter 
is  required  in  each  tube,  and,  therefore,  all  20  tubes  contained  in  the 
rack  will  receive  their  quota  of  complement  from  two  loads  of  the 
pipette.  One-tenth  of  a  cubic  centimeter  of  antigen  is  always  useil  in 
the  front  tubes.  One  pipette  full  of  antigen  is,  therefore,  exactly 
sufficient  for  the  10  tests  in  each  rack.  As  each  rack  is  completed,  it 
is  pushed  aside  over  a  glass  table  top  to  the  assistant,  who  shakes  it. 
It  will  be  seen  from  this  description  that  there  are  practically  no  false 
movements  or  time  lost  looking  for  specimens.     The  operation  has 
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been  systematized,  so  that  Avhen  assistant  and  operator  have  been    | 
trained,  200  tests  can  be  easily  set  up  in  little  over  an  hour.    The  racks 
are  then  placed  in  a  water  bath  for  one-half  hour  for  the  fixation  of 
the  complement. 

MEASURING  THE  AMBOCEPTOR. 

While  waiting  for  the  fixation  of  the  complement  the  amboceptor 
is  measured.  Sheets  of  amboceptor  paper  are  used.  Each  sheet  is  8 
centimeters  square  and  has  been  impregnated  with  the  amboceptor 
serum  and  dried  (see  p.  75,  bulletin  Xo.  3).  This  paper  was  orig- 
inally measured  and  cut  by  hand,  which  was  quite  a  laborious  process. 
In  order  to  facilitate  this  step  an  amboceptor  cutter  and  markers 
were  devised.  Supposing  that  the  unit  of  the  particular  amboceptor 
is  a  piece  5  by  5  millimeters.  The  dial  on  the  back  of  the  amboceptor 
cutter  (fig.  10)  is  set  at  5  millimeters.  This  sets  the  gauge  on  the 
cutter  (fig.  11,  front  view)  at  exactly  5  millimeters  from  the  cutting 
edge  of  the  board.  The  cutter  is,  in  fact,  simply  a  photographic 
trimming  board  with  this  device  attached,  which  enables  us  to  cut 
amboceptor  paper  of  any  width  from  1  to  15  millimeters.  The  paper 
is  simply  placed  squarely  on  the  board  and  its  edge  advanced  until 
it  is  even  with  the  gauge,  and  the  knife  is  brought  down.  As  many 
strips  as  are  required  may  thus  be  cut  in  a  few  seconds,  and  the  width 
of  the  pieces  so  cut  will  be  more  accurate  than  if  they  were  cut  by 
hand. 

The  strips  so  cut  are  marked  by  the  markers  shown  in  figure  12. 
The  markers  consist  of  two  brass  plates,  which  are  grooved  at  set 
distances  for  the  reception  of  steel  needles,  and  the  two  plates  with 
the  needles  between  are  held  rigidly  in  position  by  means  of  screws. 
Three  such  markers  are  used.  In  one  the  needles  are  set  4  millimeters 
apart;  in  the  second  the  needles  are  5  millimeters  apart,  and  in  the 
third  they  are  6  millimeters  apart. 

The  strips  of  paper  are  held  together  on  a  piece  of  cork  and  the 
needles  pressed  firml}^  through  all  the  pieces  of  paper,  as  shown  in 
figure  12.  The  paper  is  then  removed  from  the  needles  and  each  strip 
is  perforated  with  holes  at  5  millimeters  apart  (supposing  the 
5-millimeter  marker  was  used). 

When  the  tests  are  removed  from  the  bath  it  is  a  matter  of  only 
10  minutes  to  pass  from  tube  to  tube  with  a  small  sharp  pair  of 
scissors  and  drop  a  piece  of  paper  exactly  5  by  5  mm.  into  each  tube 
by  cutting  squarely  on  the  holes  marked  in  each  strip  of  paper,  after 
which  the  blood  suspension  is  added  and  the  tests  are  ready  to 
incubate. 

It  will  be  seen  that  between  the  three  sets  of  markers  and  the 
varying  width  of  strips  that  can  be  cut  (from  1  mm.  to  15  nun.)  it 
is  an  easy  matter  to  obtain  accurately  measured  pieces  of  paper  of  a 
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FIG.   12.— AMBOCEPTOR    MARKERS. 


FIG.   13.— BATH    USED   FOR   iriCUBATION   OF   WASSEKMANN 
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size  €agreein^  to  two  units  of  amboceptor,  as  shown  by  titration  of 
the  amboceptor.  It  should  })e  noted  also  that  the  needles  of  the 
markers  may  be  replaced  should  they  become  dull  or  broken,  so  that 
the  apparatus  is  practically  indestructible.  Both  the  cutter  and  the 
markers  were  made  by  Topham,  Washin^irton.  D.  C,  in  accordance 
with  specificaticms  furnished  from  this  laboratory.  Cutters  can  be 
furnished  at  $4  each  and  markers  at  $2.50  each. 

WATER  BATH. 

A  satisfactory  water  bath  for  the  incubation  of  the  tests  is  suffi- 
ciently described  in  illustrations  13,  14,  and  15.  It  is  of  such  dimen- 
sions as  to  easily  hold  25  of  the  standard  racks  already  described.  It 
is  made  by  Lenz  &  Naumann,  New  York,  and  when  fitted  with 
thermoregulator,  burner,  and  thermometer,  costs  $150. 

READING   THE   REACTIONS. 

After  incubation  and  when  the  remaining  red  blood  cells  have 
settled  sufficiently  the  tests  are  read.  The  racks  are  arranged  in 
numerical  sequence  and  each  test  is  read  by  the  operator  by  number. 
As  the  report  is  given  on  each  test  it  is  entered  in  the  book  by  the 
assistant.  As  all  tests  are  in  the  same  numerical  sequence  in  the 
book  and  in  the  racks,  tube  Xo.  1  is  Xo.  1  in  the  book,  tube  21  is  test 
24  in  the  book,  etc.  There  is  no  possibility  of  error  from  the  con- 
fusion of  specimens,  and  the  operator  reads  the  tests  with  a  mind 
unbiased  by  the  knowledge  of  the  name  or  condition  of  the  patient. 

The  apparatus  described  above  has  been  devised  as  the  result  of 
the  experience  of  several  years,  during  which  a  very  large  number  of 
tfests  have  been  performed.  It  is  believed  that  by  the  use  of  this 
method  and  this  apparatus  a  large  number  of  Wassermanu  reactions 
can  be  performed  with  great  accuracy  and  speed.  The  method  and 
apparatus  are,  therefore,  particularly  suited  to  the  needs  of  labora- 
tories in  the  military  service  and  particularly  for  any  new  labora- 
tories that  may  be  established  for  the  performance  of  the  reaction  on 
recruits. 

Standard  airparatus  for  the  performance  of  the  Wassennann  reaction. 

6  Macrae  needles;  can  be  purchased  from  Tieman,  New  York each.-  $1.  75 

6  special  needles  for  the  collection  of  serum ;   made  by  Kny-Scheerer 

(fiss.  3  and  4) eacb__  .50 

1  Record  syringe,  1  c.  c.  No.  47792,  A.  H.  Thomas  Ci>.,  1914 2.  00 

1  Luer  syringe,  5  c.  c.  No.  47852,  A.  H.  Thomas  Co..  1914 3.  50 

1  Luer  syringe.  10  c.  c..  No.  47S52,  A.  H.  Thomas  Co.,  1914 4.  50 

6  flasks,  Ehrlenmeyer,  250  c.  c 4.00 

2  knives  for  cutting  glass  tubing 

75  pounds  glass  tubing;  must  be  soft  glass;  7  millimeters  outside  diame- 
ter, G  millimeters  inside  diameter 30.00 
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G  triangular  files,  3-incli,  as  per  sample  4 

1,000  test  tubes  without  lip,  100  by  13  millimeters $20.  00 

3  round  wire  baskets  for  holding  test  tubes,  6  inches  high  by  7^  inches 

in  diameter 1-  50 

1  centrifuge,  electric.  International  Instrument  Co.,  size  1,  type  A;  1 

four  15  c.  c.  tube  head  and  metal  holders;  1  eight  15  c.  c.  tube  head 

and  metal  holders;  price  approximately 62.00 

Must  specify  whether  for  direct  or  alternating  current,  and  also  volt- 
age desired.    Price  varies  in  accordance  with  current  and  voltage. 

16  centrifuge  tubes,  plain,  15  c.  c 2.  00 

6  centrifuge  tubes,  graduated.  15  c.  c 2.00 

1  burner,  compound  blast,  of  Fletcher  type,  No.  23008,  A.  H.  Thomas 

Co.,   1014 10.  00 

1  blower,  foot  power,  No.  21972,  A.  H.  Thomas  Co.,  1914,  9  inches 8.  00 

These  can  only  be  used  in  posts  with  gas;  if  there  is  no  gas,  one 
burner,  Bartel  automatic  for  alcohol.  No.  23024,  A.  H.  Thomas  Co., 

1914,  should  be  furnished ;  medium  size__^ 8.  50 

Pipettes : 

10  Mohr  pipettes,  10  c.  c.  capacity,  graduated  in  tenths each—        .  45 

10  Mohr  pipettes,  5  c.  c.  capacity,  graduated  in  tenths each-.        .  40 

200  pipettes,  serological,  1  c.  c,  graduated  to  tip  in  hundredths,  No. 

43496,  A.  H.  Thomas  Co.,  1914,  as  per  sample  5 each--         .  35 

10  pipettes,  1  c.  c,  graduated  to  tip  in  hundredths,  but  with  small 
bore  so  that  more  accurate  measurement  can  be  made each--         .  50 

2  wooden  trays  for  specimens  (fig.  6) 

1  block  for  breaking  specimen  capsules  (fig.  8) 

1  set  of  20  copper  test-tube  racks;  these  are  made  by  Topham,  Washing- 
ton, D.  C. ;  price  per  set  of  20 20.  00 

1  amboceptor  cutter,  made  by  Topham  (figs.  10  and  11) 4.  iX> 

1  set  of  three  amboceptor  markers,  consisting  of  one  4-mm.  marker,  one 

5-mm.  marker,  one  6-mm.  marker,  made  by  Topham,  at  $4  each 12.  00 

1  copi:>er  paraffin  bath  to  fit  incubator,  made  by  Topham 15.  00 

20  pounds  soft  paraffin,  melting  point  43°  C. ;  can  be  obtained  of  A.  H. 

Thomas  Co.  at  15  cents  per  pound 3.  00 

1  incubator ;  if  electricity  is  available,  Freas  Electric  Incubator,  No.  B, 

5025,  Eimer  &  Amend,  New  York ;  voltage  must  be  specifietl 85.  00 

If  gas  is  to  be  used.  Boekels  Bacteriological  Incubator.  Wm.  Boekel 
&  Co.,  Philadelphia  ;  Cat.  F,  1908.  No.  1276 ;  should  be  mounted  on 
stand  shown  in  1285,  same  catalogue ;  price  unknown. 
If  gas  incubator  is  furnished,  the  additional  apparatus  nmst  also  be 
furnished : 

1  thermoregulator,  48444,  A.  H.  Thomas  Co 12.50 

1  Koch  burner,  23140,  A.  H.  Thomas  Co.,  6  inches 0.50 

1  thermometer,  48368,  A.  H.  Thomas  Co..  10°-00° 5.  (^o 

1  water  bath,  complete,  with  thermometer,  burner,  and  thermoregulator. 

as  shown  in  figures  13,  14,  and  15;  Lenz  and  Naumann.  New  York —  150.00 

2  aninuil  jars.  No.  20224.  A.  H.  Thomas  Co..  without  top 1.00 

1  bott.  30  gms.  cholesterin 

1  bott.  500  gms.  NaCl  C.  P 

1  bott.  5(X)  cc.  absolute  alcohol 

6  animal  cages.  No.  20208,  A.  H.  Thomas  Co each—       8.  50 

Total  for  permanent  apparatus 551.60 
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Soino  arraii^<Miieiit  iiiiist  be  mad*'  wliereliy  miln<?a  pl«s,  rabbits,  and  fixxl 
for  animals  can  l»«'  piiirhased  as  rcciuired. 

The  tlfrdflon  of  all  sera  (jiving  a  double  pluH  Wasserinann. — As 
stated  in  the  introduction,  there  is  a  fj^i'eat  difference  in  the  stren^h 
of  double  j)hiH  reactions.  One-tenth  of  a  cubic  centimeter  of  some 
sera  is  reifuired  to  give  a  double  plus  reaction,  while  one-thousandth 
of  a  cubic  centimeter  of  another  serum  may  be  sufficient  to  give  a 
double  1)1  us  reaction. 

The  surgeon  who  receives  the  report  in  a  given  case  therefore  re- 
ceives no  accurate  information  as  to  the  strength  of  the  reaction  in 
cases  rej)orted  as  donl)le  plus.     The  inadequacy  of  the  information 
furnished  is  i)articularly  apparent  in  certain  cases  having  a  double 
plus  reaction  after  energetic  treatment.     After  this  treatment  blood 
is  again  sent  in,  and  still  the  laboratory  returns  a  double  plus  reac- 
ll^  tion.     Although  the  strength  of  the  reaction  may  have  been  greatly 
educed  by  this  tieatment,  no  indication  of  such  a  result  is  afforded 
y  the  simple  double  plus  reaction. 

For  some  time  the  writei  has  been  investigating  such  cases  by 
itrating  the  serum.  In  addition  to  the  regular  Wassermann  six 
iibes  are  set  up.  In  the  first  of  these  tubes  is  placed  1.9  c.  c.  salt 
olution,  and  1  c.  c.  of  salt  solution  is  placed  in  the  remaining  five 
ubes.  To  the  first  tube  0.1  c.  c.  of  the  serum  to  be  tested  is  added 
nd  thoroughly  mixed.  One  cubic  centimeter  of  this  mixture  is  then 
arried  over  to  the  second  tube  and  mixed  with  the  salt  solution  in 
hat  tube.  This  operation  is  continued  down  to  the  last  tube,  when, 
fter  mixing,  1  cubic  centimeter  of  the  fluid  is  discarded.  As  a  re- 
ult  of  this  operation  the  total  volume  left  in  every  tube  is  1  cubic 
lentimeter,  and  the  tubes  contain  accurate  dilutions  of  the  serum  to 
e  tested,  as  follows : 

Tube 


.  1 

2 

3 

4 

5 

6 

0.05 

0.025 

0.012 

0.000 

0.003 

0.0015 

The  Wassermann  reaction  is  then  performed  in  the  usual  manner 
in  all  of  these  dilutions. 

As  the  result  of  such  a  procedure  considerable  information  is  se- 
cured. For  example,  a  serum  which  when  first  sent  in  was  double 
)lus  in  the  fii-st  three  dilutions  may  after  treatment  be  double  plus 
mly  in  the  first  dilution  and  negative  in  all  others.  If  only  the 
-egular  Wassermann  had  been  performed  in  this  case  the  reaction 
vould  have  been  double  plus  before  and  after  treatment  and  the 
jfFect  of  the  treatment  would  not  have  been  demonstrated. 

It  is  obviously  undesirable  to  perform  this  titration  in  the  case 
>f  sera  that  give  less  than  a  double-plus  reaction,  as  this  would 
rause  an  unnecessary  amount  of  work  and  a  useless  expenditure  of 


110 


PEEVALENCE    OF   SYPHILIS   IN   THE   AEMY. 


materials.  It  is  equally  clear  that  when  sera  are  sent  in  there  is  no 
way  of  telling  which  cases  will  be  double  plus.  In  order  to  avoid 
this  difficulty,  the  following  procedure  has  been  adopted  in  this 
laboratory.  Each  day  when  the  reactions  are  performed  the  speci- 
mens are  saved  and  replaced  in  the  tray  in  their  proper  order. 
After  the  tests  have  been  read,  all  specimens  giving  less  than  a  double- 
plus  reaction  are  discarded,  and  those  specimens  giving  a  double 
plus  and  containing  sufficient  serum  are  saved,  and  these  sera  are  set 
up  for  titration  on  the  next  day  the  reactions  are  performed.  The 
following  blank  form  is  then  filled  out  and  sent  to  the  post  surgeon : 

Army  Medical  School, 
Washington^  D.  6'.,  July  10^  1915. 

Results  of  titration  of  sera  of  cases  ivhich  gave  a  douhle  plus  Wassennann  on 

July  7,  1915. 


Case. 

Dilutions. 

0.1 

0.05 

0.025 

0.012^ 

0.0C6 

0.003 

0.0015 

John  Smith 

+  + 

+  + 

+   + 

+ 

- 

(Sgd.) 


Major^  Medical  Corps, 


It  is  believed  that  the  adoption  of  this  procedure  will  greatly 
increase  the  value  of  the  Wassermann  reaction  both  in  diagnosis  and 
treatment.  It  can  only  be  followed  when  sufficient  serum  is  sent. 
Post  surgeons  are  therefore  urged  to  send  a  sufficiency  of  serum 
collected  in  the  manner  described  in  this  bulletin. 
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These  roentfjenograms  are  not  presented  as  exhibiting  a  state  of 
perfection  in  the  art  or  method  by  which  they  were  produced, 
although  they  show  the  results  of  some  of  the  best  and  most  modern 
apparatus  of  Europe  employed  in  the  hands  of  very  skillful  operators. 
Some  plates  are  included  which  are  indistinct  and  generally  so  unsat- 
isfactory from  a  technical  viewpoint  as  to  be  of  little  interest,  if  all 
of  them  were  not  intended  to  show  the  general  character  of  the  diag- 
nostic assistance  that  the  roentgenologist  rendered  the  military  sur- 
geon in  the  base  hospitals  of  Constantinople  during  the  Turko- 
Balkan  AVar. 

The  collection  of  these  plates  resulted  from  a  systematic  visiting 
of  the  hospitals  of  Constantinople  in  the  winter  of  1912-13,  during 
the  course  of  the  first  Balkan  War,  and  including  all  of  the  military 
hospitals  of  the  military  zone,  with  the  incidental  purpose  of  select- 
ing from  the  roentgenogi'aphic  plates,  which  had  been  prepared 
wherever  apparatus  was  installed,  such  examples  of  the  roentgeno- 
graphy of  gunshot  wounds  as  might  show  characteristic  lesions 
without  relation  to  detailed  clinical  record. 

More  than  1,500  plates  were  examined,  and  from  them  more  than 
200  were  selected  as  exhibiting  some  lesion  that  seemed  to  be  char- 
acteristic of  some  form  of  gunshot  wound,  even  though  the  case 
history  could  not  be  obtained.  From  these  selected  plates  photographic 
prints  Avere  made.  As  some  of  these  photographs  displayed  some- 
what similar  conditions,  only  102  of  them  are  herewith  ]n'oduced. 

As  the  photographic  and  reproduction  processes  have  transferred 
the  rights  and  lefts  of  the  original  negatives  several  times,  the  plates 
as  they  appear  here  are  interpreted,  for  right  and  left,  as  though 
they  were  the  original  photograj^hic  plates,  which  are  physically 
positive  although  they  are  chemically  negative:  i.  e.,  the  right  and 
left  sides  of  the  page  should  be  read  as  the  right  and  left  sides  ana- 
tomically. If  this  distinction  be  not  observed,  some  confusion  may 
arise  from  the  habit  of  roentgenologists  in  regarding  a  roentgeno- 
graph as  a  positive  print  of  a  negative  ])late. 
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8  IXTEODUCTION. 

I  regret  that  I  can  not  here  acknowledge  by  name  mv  appreciation 
and  gratitude  to  the  roentgenologists  of  all  hospitals  from  which  I 
secured  permission  to  reproduce  their  plates.  To  Prof.  Wieting 
Pasha,  the  commandant  of  Gulhane  Hospital;  to  Dr.  Ishmael  Bey, 
the  roentgenologist  of  the  Hameclian  Hospital;  to  Dr.  Englander, 
the  roentgenologist  of  the  Austrian  Hospital — to  all  of  whom  I  am 
particularly  indebted — I  wish  to  acknowledge  my  thanks. 

Projectiles. — The  projectiles  which  figure  in  the  illustrations  were 
those  employed  by  the  nations  at  war.  They  are  derived  (1)  from 
the  Turkish  pointed  bullet  weighing  approximately  15.0  grams — it 
is  fired  from  the  German  Mauser  and  has  all  the  ballistic  values  of 
the  projectile  from  this  weapon;  (2)  the  Bulgarian  bullet,  blunt 
nosed  or  ogival  headed  and  the  same  as  the  steel- jacketed  bullet  of 
the  Austrian  Mannlicher;  (3)  shrapnel  balls  and  fragments  of  the 
shrapnel,  and  (4)  fragments  of  steel  shells  from  field  artillery. 

During  the  evolution  of  reduced  caliber  rifles  experiments  were 
made  on  cadavers  at  different  ranges.  In  the  published  writings  of 
these  workers  a  great  deal  was  said  on  the  subject  of  highly  de- 
structive effects  which  are  pretty  generalh^  described  as  explosive 
effects.  The  experimenters  were  careful  to  explain  that  these  exag- 
gerated and  highly  destructive  effects  Avere  only  seen  when  firing  into 
cadavers  at  close  ranges  and  when  the  bullet  traveling  at  a  maximum 
velocity  happened  to  collide  with  resistant  structures  like  the  compact 
substance  of  bone  in  the  diaj)hysis  of  the  long  bones,  such  as  the 
femur,  tibia,  humerus,  etc.,  and  the  head,  as  well  as  organs  loaded 
with  fluid  or  semifluid  masses  like  the  stomach,  urinary  bladder,  and 
intestines.  In  other  tissues  offering  but  little  resistance  like  lung 
tissues,  soft  parts  generally,  and  epiphyseal  ends  of  bone,  the  wounds 
inflicted  were  considered  humane  in  character.  Attention  should  be 
called  to  the  infrequency  of  wounds  showing  explosive  effects  by  the 
rifles  of  reduced  caliber  employed  in  the  Turko-Balkan  and  Spanish- 
American  wars.  The  same  thing  may  be  said  of  the  Turko-Italian, 
Anglo-Boer,  and  Russo-Japanese  Avars,  all  of  Avhich  Avere  fought  Avith 
the  ncAv  armament. 

The  reason  for  the  infrequency  of  the  explosive  effects  in  these  wars 
is  due  to  the  fact  that  the  battles  Avere  fought  in  the  open  at  the  ordi- 
nary battle  ranges  beyond  the  zone  of  explosiAX  effects.  This  fact  is 
all  the  more  emphasized  in  the  present  Avorld  war,  in  Avhich  the  rifle 
fire  is  employed  principally  in  trench  warfare  at  near-by  ranges,  and 
Avhere  all  the  Avounds  Avhicli  involve  the  resistant  structures  of  the 
body  shoAv  the  characteristic  features  usually  described  as  those  of 
explosive  effects. 


INI  IJODCCTIOX.  9 

In  descril)in^  tlu"  pl.ites  the  Iciins  iiscmI  in  connection  with  rantre 
are  as  follows: 

(1)  Close  ijinge,  from  0  to  100  yards. 

(2)  Short  range,  from  100  to  500  yards. 

(3)  Mid  range,  from  500  to  1,000  yards. 

(4)  Long  i-ange,  from  1,000  to  2,000  yards. 

'J'he  wound  ell'ects  of  the  modern  military  rifle  l)iill«'t  at  various 
ranges  are  usually  classified  as  follows : 

(1)  Explosive  range,  from  0  to  500  yards. 

(2)  Perforating  range,  from  500  to  1,500  yards. 

(3)  Penetrating  range,  from  1,500  to  2,500  yards. 

The  difficulty  in  adhering  strictly  to  the  last  ta])le  as  far  as  the 
characteristic  features  of  wounds  are  concerned  is  this:  In  battle  the 
chances  of  ricochetting  of  bullets  is  said  to  be  in  the  proportion  of 
one  to  three.  Xaturally,  the  moment  a  bullet  ricochets  it  loses  more 
or  less  of  its  remaining  velocity.  The  destructive  lesion  to  be  expected 
from  a  given  shot  at  a  given  range  against  a  certain  resistant  struc- 
ture can  not  be  depended  upon  to  occur  as  it  will  Avhen  the  shot  is 
made  with  scientific  accuracy  in  the  shooting  gallery  against  cadavers. 

Trajectory^  or  the  curved  line  of  flight  of  a  projectile,  has  nothing 
to  do  with  its  wound-producing  quality,  except  to  increase  the  wound- 
producing  frequency  when  it  flattens  and  approaches  the  straiglit 
line  of  sight,  because  it  will  then  pass  through  a  greater  portion  of 
the  space  between  the  gun  and  the  target,  Avhich  may  be  occupied  by 
men,  without  going  over  their  heads.  The  greater  the  velocity,  the 
flatter  the  trajectory  becomes. 

The  American,  German,  and  Turkish  rifles,  with  about  the  same 
trajectory,  can  be  fired  through  a  tube  24  inches  in  diameter  at  a 
range  of  500  yards,  and  the  vertical  rise  of  the  curA^e  of  flight  would 
not  hit  the  top  of  the  tube.  But  where  the  range  is  increased  to  1,000 
Awards  it  would  be  necessary  to  enlarge  the  tube  to  a  tunnel,  15  feet  in 
diameter,  in  order  to  fire  the  bullet  through  it  without  striking  the 
top  in  its  greatly  increased  curve  in  flight. 

Velocity  is  the  j^rincipal  factor  of  the  wound-producing  power  of 
the  small-caliber  bullet,  although  the  latter  quality  is  definitely  re- 
lated to  the  cross-sectional  area  and  weight  as  well  as  to  the  hard 
metal  jacket  which  preserves  its  form.  The  greater  the  velocity  of 
any  particular  bullet  the  more  serious  is  its  wound. 

Energy^  as  the  resultant  of  the  components  of  weight  and  rclocify, 
represents  the  real  damaging  (quality,  striking  force,  or  "punch"  of 
a  projectile,  with  a  variation  in  Avound  effect  as  the  energy  is  dis- 
tributed over  the  surface  of  the  bodv,  throuah  the  cross-sectional  area 


10  IXTEODUCTION. 

and  the  form  of  the  point  of  the  projectile,  and  the  elements  of  con- 
struction which  affect  the  preservation  of  its  shape.     As  the  energy 

is  expressed  in  the  formula,  E—   ^      .  it  is  evident  that  the  mcrease 

or  decrease  of  the  velocity  factor  gives  greater  variation  than  the  in- 
crease of  weight. 

Range  is  important  only  as  indicating  the  amount  of  remaining 
energy  which  may  be  known  to  reside  in  the  projectile  at  any  stage 
of  its  flight.  Without  reference  to  the  ballistic  condition  (velocity, 
weight,  form,  and  construction,  etc.)  of  a  particular  projectile,  range 
has  no  surgical  significance.  To  the  military  surgeon,  however,  it 
is  a  term  of  the  greatest  interest  when  these  ballistic  conditions  are 
known,  as  it'  gives  him  a  very  definite  indication  of  the  remaining 
energy  or  the  damaging  effect  of  a  projectile  at  the  different  stages  in 
its  flight. 

The  remaining  energy  of  the  American  "  Springfield,"  or  German 
"  S  "  bullet,  for  instance,  will  pass  it  through  the  bodies  of  two  men 
at  2,000  yards  and  an  energy  of  8  kilogram-meters,  which  remains  at 
about  twice  that  distance,  will  cause  a  disabling  wound. 

Wound  infections  are  more  rare  in  campaign  in  the  more  spai^sely 
settled  and  rough  countries  with  soldiers  of  the  more  primitive  class, 
simple  domestic  habits,  and  greater  natural  resistance. 

Wound  treatment  should  be  primarily  directed  toward  the  control 
of  infection  with  only  secondary  regard  for  the  correction  of  de- 
formities which  should  follow  as  a  secondary  measure  after  re^solution 
is  established. 

All  treatment  should  be  based  on  principles  applied  in  the  follow- 
ing order: 

(1)  Life  saving. 

(2)  Restoration  of  function. 

(3)  Economy  of  the  patient. 

Amputation  should  be  very  rare. 

Conservation  to  a  degree  that  seems  to  be  beyond  the  experience 
and  conception  of  the  civil  surgeon  should  always  be  practiced,  as 
reiterated  by  Delorme,  who  says :  "  In  order  to  avoid  the  excess  of 
operative  measures  which  has  been  seen  in  recent  wars  I  am  urged 
to  enjoin  all  potential  military  surgeons  to  practice  almost  uniform 
conservation." 
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INTRODUCTION. 
Weight  and  muzzle  velocity  of  several  jrrojertileH. 


1  1 


Projectile. 


American  (Sprinpfield) 

Frencli 

(Jernmn 

Austrian 


Weight. 


Velcxjity, 


Grams.      Grains.      Meters.        Feet 


9.07 
12.8 
10.0 
15.8 


150 
197 
154 
244 


800 
701 
860 
626 


2,700 
2,. 301 
2.821 
1.952 


Plate  1.. 
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Rii  i.K — Plaik  1 


HEAD. 

Gunshot  Fracture  of  the  Skull,  with  Lodgment  of  the  Missile. 

The  bullet  in  this  case  was  so  badly  deformed  by  ricochet  that 
part  of  both  core  and  jacket  were  lost.  While  the  appearance  of 
the  shadow  seems  to  indicate  a  direct  impact  of  the  nose  of  the 
I)idlet,  the  line  of  contact  with  the  skull  must  have  been  tangential, 
with  some  laceration  of  the  scalp;  otherwise  a  cursory  examination 
of  the  scalp  wound  Avould  have  revealed  the  sliijhtly  protrudinir 
end  of  the  bullet.  The  dark  shadow  above  the  projectile  is  due 
to  material  used  in  dressing.  The  great  thickening  of  the  scalp 
in  the  region  of  the  Avound  shows  a  marked  cellulitis.  Small  par- 
ticles of  the  lead  core  of  the  bullet  can  l)e  seen  about  the  wound. 

In  such  cases  there  is  often  a  marked  infection  of  the  scalp  with- 
out extension  of  infection  to  the  cranial  cavity,  except  from  neglect. 
This  is  a  case,  though  apparently  simple,  in  which  the  radiograph 
was  necessary  for  correct  diagnosis  Avithout  exploration. 

The  treatment  in  such  cases  is  conservative,  with  removal  of 
the  projectile  and  care  of  the  superficial  infection  or  subsequent 
complications. 
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Plate  2. 
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Riiij:— Plate  2. 


HEAD. 

Gunshot  Wound  of  the  Head,  with  Lodgment  of  the  Missile. 

Wound  of  entrance,  near  outer  canthus,  with  course  throuirh 
eyeball  to  ethmoid  body. 

Wound  of  exit,  none. 

The  Bulgai'ian  Mannlicher  bullet,  shown  half  actual  size  on  the 
j)late,  must  be  inclined  on  its  long  axis,  about  30^  from  the  perpen- 
dicular, to  the  plane  of  the  plate. 

The  slight  penetration  of  the  missile  and  its  normal  character 
show  that,  having  struck  no  intervening  object,  it  inflicted  the  wound 
at  extreme  range. 

The  treatment  should  meet  the  indication  for  removal  of  missiles 
in  all  superficial  or  easily  accessible  locations  and  when  they  cause 
leaction. 

Kesults  to  be  expected  are  favorable  except  for  loss  of  tlie  eye. 
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Plate  3. 
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Rll-LK— Pl.ATK    ?). 


HEAD. 

Gunshot  Fracture  of  the  Ramus  of  the  Lower  Jaw. 

Wound  of  entrance,  in  the  cheek  behind  the  angle  of  the  mouth. 

Wound  of  exit,  below  the  tip  of  the  mastoid. 

The  course  of  the  bullet  was  almost  tangential  to  the  ramus  of  the 
jaw,  anteroposteriorl}^  The  slight  fragmentation,  which  is  hardly 
more  than  a  splitting  of  the  bone,  with  little  or  no  displacement,  in- 
dicates that  the  Avound  was  made  by  a  rifle  bullet  at  moderate  ve- 
locity and  at  mid  or  long  range. 

Treatment  is  expectant. 

Results  are  favorable. 
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Plate  4. 
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Rifle — Plate  4. 

HEAD. 

Gunshot  Fracture  of  the  Ramus  of  the  Lower  Jaw. 

Wound  of  entrance,  over  the  anterior  border  of  the  right  ramus. 

Wound  of  exit,  beneath  the  lobe  of  the  ear. 

The  wound  was  made  by  a  rifle  bullet  with  the  velocity  of  long 
range,  because  wounds  of  a  shrapnel  ball  never  show  such  slight  in- 
jury without  lodgment  or  without  marks  of  lead. 

The  damage  of  the  bone  was  Aery  slight,  as  onh'  a  superficial  frag- 
ment was  chipped  off.  There  were  no  signs  of  primary  infection. 
Reaction  and  periostitis  suggested  the  radiograph  after  infection 
hnd  rarefied  the  fragment,  shown  but  very  faintly  on  the  left  side 
of  the  phite. 

The  postero-anterior  skull  radiograph  was  made  with  the  face 
superimjiosed  upon  the  photographic  plate. 

Treatment,  incision  and  drainage. 

Results,  good. 
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Plate  5. 
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Rifle — Plate  5. 


HEAD. 

Gunshot  Fracture  of  the  Body  of  Lower  Jaw,  with  Great  Fragmentation  and 

Displacement. 

Wound  of  entrance,  to  the  left  side  of  the  median  line  of  the  lower 
jaw  below  the  alveolar  process,  with  course  ranging  downward  and 
backward. 

AVound  of  exit,  with  extensive  laceration,  beneath  lower  l)order  of 
the  bone. 

The  wound  was  caused  by  a  rifle  bullet  at  high  velocity  at  or  less 
than  mid  range.  The  fragments  are  many  and  rather  small,  so  that 
much  bone  was  lost  through  the  wound  of  exit.  This  effect  was  pro- 
duced by  the  splitting  due  to  the  relative  friability  of  the  bone  and 
to  the  imparting  of  the  momentum  of  the  missile  to  the  detached 
fragments,  which,  together  with  the  missile,  effected  the  considerable 
laceration  of  the  wound  of  exit. 

Treatment,  difficult;  guided  by  septic  conditions  and  surgical  means 
available. 

Results  in  such  cases  are  favorable  to  life  but  topically  unsatis- 
factory. 
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Plate  6. 
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Rifle — Plate  G. 


SPINAL   REGION. 


Gunshot  Wound  of  the  Spinal  Region — Lodgment  of  the  Missile  in  the  Lumbar 

Muscles. 

The  bullet  is  lodged  deep  in  the  muscles  of  the  hiick  and  not  in  the 
abdomen,  as  determined  by  inspection  of  the  plate. 

(a)  The  shadow  of  the  bullet  is  enlarged  laterally,  because,  while 
on  the  side  of  the  body  next  to  the  plate  and  to  the  spine,  it  is  at 
some  little  distance  from  the  plate,  which  accounts  for  the  larger 
diameter  of  the  shadow;  and  it  is  shortened  longitudinally,  because 
its  long  axis  is  inclined  at  an  angle  to  the  plate. 

(h)  The  outline  of  the  shadow  is  distinct,  an  evidence  that  it  is 
extra-abdominal,  as  otherwise  its  outline  would  be  blurred  by  rhe 
diaphragmatic  movement  of  respiration  imparted  to  the  abdominal 
viscera  during  the  Kontgen  exposure. 
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Plate  7. 


Rifle — Plati:  7. 


SPINAL  REGION. 


Gunshot  Wound  of  the  Spinal  Region,  with  Lodgment  o(  the  Missile. 

The  bullet  was  either  dumdiimmed  or  iin jacketed,  because  its  soft 
nose  mushroomed,  striking  the  crest  of  the  ilium,  penetrated  the 
lumbar  muscles,  and  struck  the  side  body  of  the  third  lumbar  verte- 
bra without  producing  fracture. 

The  exposure,  as  the  spinous  processes  show,  was  made  with  the 
spine  next  to  the  plate,  and  the  slight  shadow,  somewhat  larger  than 
the  projectile — to  judge  the  size  from  the  undeformed  diameter — 
shows  it  to  be  anterior  to  the  vertebra.  The  shadow  is  deep  enougli 
to  indicate  the  location  fairly  near  to  the  plate  and.  almost  certainly, 
not  in  the  abdominal  cavity,  where  the  distance  from  the  ])late  would 
have  made  the  shadow  less  dense  and  the  movement  of  respiration 
jn'obably  would  have  given  it  a  blurred  outline.  The  shadow  of  the 
localizing  cross  gives  a  standard  of  density  to  be  compared  with  the 
shadow  of  the  projectile  in  making  the  estimation. 

The  treatment  is  conservative;  only  pain,  paralysis,  impaired 
function,  or  sepsis  indicate  interference. 
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Plate  8. 


Etfle — Pt.ate  8. 


UPPER   EXTREMITY. 


Compound  Fracture  of  the  Humerus  in  Advanced  State  of  Repair  with 

Callus  Formation. 

Wound  of  entrance,  just  above  middle  of  anterior  aspect  of  arm. 

AVound  of  exit,  about  the  same  height,  posteriorly. 

The  course  of  the  missile  was  anteroposterior,  with  high  velocity  of 
short  range  through  the  bone  with  a  splitting  effect,  leaving  a  few 
fiagments,  large  and  small,  which  were  not  much  displaced  and 
caused  but  little  deformity. 

Wound  was  not  infected.  The  absorpti(m  of  smaller  and  the  over- 
lapping of  larger  fragments  caused  some  shortening. 

Treatment,  expectant. 


Results,  favorable. 
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Rifle — Plate  0. 

upper  extremity. 
Gunshot  Fracture  of  the  Right  Humerus,  with  Lodgment  of  the  Missile. 

AVoiind  of  entrance,  antero-external  aspect  of  upper  thiid  of  arm. 

Wound  of  exit,  none. 

The  missile,  deformed  by  ricochet,  struck  the  bone  with  fn*eatly 
reduced  velocity  and  without  sufficient  energy  to  perforate  the  bone 
by  which  it  w^as  deflected  slightly  from  its  course  and  lodged  in  the 
arm. 

This  is  something  of  the  same  effect  that  might  have  been  caused 
by  a  shrapnel  ball,  under  the  same  ballistic  conditions  with  a  normal 
shrapnel  velocity  giving  about  the  same  penetrating  force. 

The  wound,  without  infection,  is  in  the  first  week  or  two  of  repair, 
before  any  callus  has  formed. 

Treatment  is  expectant. 

Results  favorable. 
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Rifle— Platk  10. 

upper  extremity. 
Gunshot  Fracture  of  the  Left  Humerus,  with  Lodgment  of  the  Missile. 

Wound  of  entrance,  anterior  surface  of  upper  third  of  the  arm. 

Wound  of  exit,  none. 

The  shadow  of  the  missile  shows  by  its  distinct  outline  and  normal 
diameter  at  the  tip  that  the  missile  lies  on  the  side  near  the  plate ;  the 
shortened  length  of  the  projectile  indicates  that  the  long  axis  lay  in 
an  acute  angle  Avith  a  perpendicular  to  the  plate. 

The  irregular  outline  of  the  base  of  the  shadow  and  the  fact  of 
lodgment  shows  that  the  missile  Avas  deformed  and  that  it  was  inci- 
dentally retarded  in  velocity  by  ricochet,  so  that  its  penetrating 
force  was  not  sufficient  to  carry  it  through  the  arm. 

The  fragments  of  bone  are  large  and  the  wound  is  of  the  same  char- 
acter as  might  have  resulted  from  a  shrapnel  ball,  for  the  normal 
ballistic  conditions  of  the  latter  simulate  the  conditions  that  produced 
the  wound. 

The  drainage  tubes  seen  in  the  plate  indicate  infection. 

The  conventional  treatment  in  such  cases  is  drainage  and  other 
management  of  the  infection  without  formal  search  for  the  pro- 
jectile. 

Results  should  be  favorable. 
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Plate  11. 
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Rifle — Plati:  11. 

upper  extremity. 
Gunshot  Fracture  of  the  Humerus. 

Wound  of  entrance,  anterior  internal  aspect  of  middle  and  upper 
third  of  arm. 

Wound  of  exit,  opposite. 

The  missile  has  struck  the  side  of  the  bone  and  pursued  a  course 
through  the  shaft,  so  that  a  transverse  fracture,  as  well  as  the  separa- 
tion of  several  medium-sized  fragments,  resulted  from  the  splitting 
effect  of  the  missile. 

A  larger  missile,  i.  e.,  a  shrapnel  ball,  with  the  same  striking 
energy  could  have  been  stopped  by  the  bone,  but  a  wider  distribution 
of  the  same  energy  carried  by  a  larger  cross  section  would  have  pro- 
duced larger  fragments. 

In  this  case  the  location  of  the  shrapnel  ball  would  furnish  un- 
(juestioned  evidence ;  or,  if  a  shrapnel  ball  had  produced  this  particu- 
hir  bone  destruction,  its  path  among  the  fragments  would  have  been 
marked  by  traces  of  lead.  Two  metal  fragments  indicate  that  the 
lead  core  of  the  bullet  was  exposed. 

The  wound,  not  infected,  was  treated  expectantly. 

Result  in  such  cases  is  favorable. 
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Rifle — Plate  12. 

upper  extremity. 
Gunshot  Fracture  of  the  Humerus. 

The  course  of  the  missile  Avas  anteroposterior  through  the  ini(hlle 
of  the  arm. 

The  ballistic  conditions  and  lines  of  force  applied  to  the  bone  were 
somewhat,  if  not  entireW,  similar  to  those  producing  the  fracture 
shown  in  plate  11.  The  missile  struck  the  wall  of  the  shaft  without 
passing  through  the  medullary  canal,  but  a  secondary  fragmenta- 
tion of  the  two  large  fragments  did  not  follow  except  for  the  break- 
ing of  the  tip  of  the  distal  fragment. 

The  range  ay  as  long. 

There  was  little  deformity  and  no  infection. 

Plaster  dressing  was  applied  and  the  slight  outline  of  callus 
formation  indicates  the  process  of  repair.  The  lack  of  contrast  in 
the  shadoAA'  of  the  bone  is  due  to  the  opacity  of  the  plaster  dressing 
through  which  the  Roentgen  exposure  was  made. 

Treatment  in  such  cases  is  expectant. 

Results  should  be  uniformly  good. 
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EiFLE— Plate  13. 

UPPER  EXTREMITY. 

Gunshot  Fracture  of  the  Right  Humerus,  with  Lodgment  of  the  Missile. 

Wound  of  entrance,  about  middle  of  the  anteriorinternal  aspect  of 
the  arm. 

Wound  of  exit,  none. 

The  course  of  the  missile  was  from  without,  downward  and  in- 
ward to  a  point  of  lodgment  above  the  internal  condyle.  The  dis- 
tinct outline  and  normal  size  of  the  base  of  the  bullet  shows  it  to  be 
near  the  plate,  with  the  internal  condyle  next  to  the  plate  in  the 
exposure. 

The  bullet  mushroomed  when  it  struck  the  bone  with  a  **  soft 
nose,"  in  Avhicli  the  lead  was  not  protected  by  a  tough  metal  jacket. 
It  may  have  been  dum-dummed ;  it  is  remotely  possible  that  the  nose 
of  the  jacket  was  split  by  ricochet,  or  it  is  more  probable  that  it  was 
of  the  un jacketed  variety. 

The  effect  is  identical  Avith  that  of  a  shrapnel  ball,  striking  with 
its  normal  low  velocity,  which  is  about  the  same  as  that  of  the  missile 
in  this  Avound. 

The  invariable  characteristic  of  a  shrapnel  wound  of  a  bone, 
namely,  the  small  particles  of  metal  marking  its  course  in  contact 
with  the  bone,  is  seen  in  this  plate. 

The  treatment  in  such  cases  is  expectant,  with  due  regard  to  the 
character  of  the  infection,  and  without  priihary  search  for  the 
missile. 

The  results  are  generally  favorable. 
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T\  T I  LK — Plate  14. 

UPPER   EXTREMITY. 

Gunshot  Fracture  of  the  Humerus,  with  Lodgment  of  the  Missile. 

The  missile  was  a  fragment  of  a  ricocheted  rifle  ball,  with  a  part 
of  the  lead  core  carried  in  a  portion  of  the  jacket.  The  course  was 
from  before,  backAvard,  striking  the  humerus  in  lower  third,  and 
leaving  particles  of  lead  along  its  track. 

The  wound  was  only  slightlv  infected.  Several  detached  fiaij- 
ments  of  bone  have  been  removed. 

The  treatment  in  such  cases  is  conservative,  with  management  of 
the  infection  and  without  formal  search  for  the  projectile. 

The  results  in  such  cases  are  favorable  with  some  shortening  of 
the  bone. 
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Riflp: — Plate  15. 


UPPER   EXTREMITY. 


Gunshot  Fracture  of  the  External  Condyle  of  the  Left  Humerus,  with 

Lodgment  of  the  Missile. 

Wound  or  entrance,  internal  and  posterior  aspect  of  the  arm  above 
the  internal  condyle. 

Wound  of  exit,  none. 

The  bullet  Avas  greatly  deformed  by  ricochet,  with  the  loss  of  the 
greater  part  or  all  of  its  jacket. 

The  line  of  contact  of  the  unprotected  lead  with  the  l)one  is  marked 
by  the  same  small  fragments  of  lead  almost  invariably  seen  in  shrap- 
nel wounds.  The  ballistic  conditions  in  this  case  are  quite  similar 
to  those  of  a  shrapnel  wound,  as  the  projectile  has  struck  the  bone 
with  low  velocity.  The  very  slight  displacement  of  a  single  large 
fragment  from  which  the  missile  is  slightly  withdrawn  indicates  that 
the  striking  energy  was  relatively  low  and  that  the  elastic  tissues, 
stretching  around  the  missile  at  its  striking  point,  contracted  after 
its  energy  had  been  expended  and  then  withdrew  the  missile  from  its 
farthest  point  of  advance. 

The  treatment  in  such  cases  Avarrants  only  the  interference  suof- 
gested  by  infecticn  and  the  interference  of  the  missile  with  functicm. 

The  results  expected  are  most  favorable. 
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Plate  16. 
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Rifle — Plate  1G. 

upper  extremity. 
Gunshot  Fracture  of  the  Humerus. 

The  transverse  course  of  the  bullet,  striking  the  posterior  wall  of 
the  shaft  without  entering  tlie  medullai'v  canal,  has  fractured  the 
bone  transversely,  with  a  tendency  toward  splitting  off  a  large  frag- 
ment from  the  distal  fragment. 

The  bullet  under  these  ballistic  conditions  of  high  velocity  and  not 
distant  range  might  have  bored  its  way  through  the  cancellous  tissue 
of  the  epiphysis  of  the  same  bone  without  any  fractures. 

Gunshot  Fracture  of  the  Ulna. 

The  transverse  course  of  the  bullet  in  striking  the  ulna  at  high 
^•elocity  and  not  distant  range  has  shown  a  tendency  to  bore  a  hole 
through  the  bone.  A  smaller  bullet  or  a  larger  bone  of  the  same 
structure  might  easily  have  provided  conditions  to  permit  this  effect. 
The  wounds  of  exit  and  entrance  in  each  of  these  wounds  presented 
almost  identically  the  same  appearance. 

The  treatment  in  such  cases  is  that  of  a  simple  fracture,  as  there  is 
almost  always  no  infection  in  such  wounds. 

Results  are  favorable. 
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Plate  17. 


44 


Rifle — Plate  17. 

upper  extremity. 
Gunshot  Fracture  of  the  Elbow. 

The  bullet  in  transverse  course  and  hia'h  velocity  throufrh  both 
})ones  of  the  forearm  struck  the  head  of  the  radius,  thus  starting 
several  splitting  lines  of  fracture  and  separating  large  fragments. 
Smaller  fragments  which  received  some  of  the  energy  of  the  missile 
have  been  carried  along  with  it  in  turn,  striking  the  ulna  and  carry- 
ing away  smaller  fragments  from  it  and  causing  the  laceration  which 
marks  the  wound  of  exit. 

Such  Avounds,  Avith  laceration  of  soft  parts  and  fraguientation  of 
the  bone,  are  prone  to  infection,  against  which  treatment  is  directed. 
The  indications  to  be  met  are  much  like  those  of  the  wound  shown 
in  plates  IS  and  19.  Excision  or  immediate  methods  of  boue  repair 
are  contraindicated  by  infection. 

llesults  will  depend  upon  the  nature  and  extent  of  infection. 
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EiFLE — Plate  18. 


UPPER  EXTREMITY. 


Gunshot  Fracture  of  the  Elbow,  without  Injury  to  the  Great   Vessels  and 

Nerves. 

AVoiind  of  entrance,  posterior  to  the  external  condyle. 

AVound  of  exit,  large  laceration  in  front  and  above  the  internal 
condyle. 

The  wound  is  an  example  of  the  misnamed  "  explosive  "  action  of 
a  rifle  bullet.  The  force  and  direction  of  the  missile,  in  high  ve- 
locity, split  the  bone  into  many  fragments,  and,  transmitting  its 
energy  to  some  of  the  fragments,  carried  them  through  the  skin  and 
caused  the  large  laceration  at  the  point  of  exit  by  the  simultaneous 
escape  of  the  bullet  and  fragments.  The  "woimd  was  so  hea\ily  in- 
fected, that  a  cellulitis  advanced  to  the  shoulder  and  to  the  wrist  to 
such  extent  that  the  arm  was  marked  by  eminent  surgical  opinion  for 
amputation.  Free  incision,  drainage,  antisepsis  and  incidental  re- 
moval of  detached  fragments  controlled  the  infection  and  l)r()Ught 
about  slow  resolution.  After  six  months  of  careful  treatment  the 
wound  was  healed  with  an  ankylosed  elbow  with  normal  function  of 
the  forearm,  except  for  limited  rotation. 

Treatment  indicated  in  such  cases  is  always  conservative.  Infec- 
tions contraindicate  any  formal  surgical  interference.  The  dangers 
of  infection  in  such  cases  are  to  be  risked  to  avoid  am})utation. 

Kesults  may  be  considered  favorable  eNcn  with  elbow  ankylosis. 
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Plate  19. 
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Rifle — Plate  19. 


UPPER   EXTREMITY 


Gunshot   Fracture  of  the  Elbow,   without   Injury   to  the   Great   Vessels   and 

Nerves. 

This  is  a  plate  made  of  the  same  subject  shown  in  phite  18,  when 
convalescence  was  several  weeks  farther  advanced,  as  is  indicated 
by  the  removal  of  fragments  and  extensive  callus  formation. 

Both  radiographs  were  made  after  the  apprehension  of  systemic 
infection  had  passed;  the  second  plate  after  an  additional  number 
of  fragments  had  been  removed. 
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Rifle— Plate  20. 

upper  extremity. 
Gunshot  Fracture  of  the  Elbow. 

Wound  of  entrance,  posterior  aspect  of  forearm  internal  to  and 
below  the  olecranon. 

Wound  of  exit,  external  border  over  head  of  radius. 

The  course  of  the  bullet  was  diagonally  anteroposterior  from 
within  outward,  striking  the  posterior  border  of  the  upper  end  of 
the  ulna  and  passing  through  the  head  of  the  radius,  carrying  the 
fragments  of  the  latter  before  it  and  lacerating  the  wound  of  exit. 
The  energy  of  impact  also  fissured  the  upper  end  of  the  shaft  of 
the  ulna  and  fractured  the  neck  of  the  radius  without  detaching  the 
large  fragments. 

This  is  the  effect  of  a  rifle  bullet  at  short  range,  or  possibly  a 
ricochet  shot  at  mid  range. 

The  emergency  treatment  is  antiseptic  dressing  with  splint  im- 
mobilization. 

The  subsequent  treatment  is  conservative,  Avhether  the  wound  is 
clean  or  infected.  The  course  of  treatment  of  such  an  infected 
wound  might  extend  from  four  to  six  months. 

Note. — As  the  soldier  always  escapes  the  burden  of  oxpl.-uiMtion  \\  Iumi  tho 
wound  of  entrance  is  anterior  rather  than  posterior,  it  should  hi'  remembered 
that  the  forearm  may  occnpy  positicms  in  relation  to  the  body  wliich  exposes 
the  anatomically  posterior  aspect  of  the  forearm  to  missiles  directed  toward 
the  anterior  surface  of  the  body  ;  and  as  the  wounds  of  the  forearm  herein 
presented  are  described  in  the  anatomical  position,  tliere  is  no  justifiable 
imiH'achment  of  the  soldier's  valor  in  an  inferiMice  that  lu^  was  shot  from 
behind  wlien  the  wound  of  entrance  involves  the  posterior  aspect  of  the  fort^irm. 
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Rifle — Plate  21. 

upper  extremity. 
Gunshot  Fracture  of  the  Radius  and  Ulna. 

The  course  of  the  bullet  at  short  ran^e  was  transverse  throus^h 
l)oth  of  the  bones,  with  a  splitting  effect  and  without  much  small 
fragmentation. 

The  wound  of  exit  in  this  case  was  slightly  lacerated,  but  not  very 
much  larger  than  the  wound  of  entrance. 

The  treatment  should  be  conservative.  Emergency  treatment 
should  not  include  exploration,  and  nothing  but  the  conventional 
iodine  dressing  and  splints  should  be  applied. 
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Rifle — Plate  22. 

upper  extremity. 
Gunshot  Fracture  of  the  Radius  and  Ulna. 

The  course  of  the  bullet  at  short  range  was  transverse  throiicrh  the 
upper  forearm,  strikino;  the  radius  in  the  center  of  the  shaft  and  the 
idna  nearer  the  border.  Several  small  fragments  followed  the  course 
of  the  bullet,  but  did  not  emerge  with  it  at  the  wound  of  exit  to 
cause  a  laceration. 

The  capitellum  was  next  to  the  photographic  plate  and  the  angu- 
lar line  of  the  radius  can  be  seen  crossing  the  straighter  line  of  the 
ulna. 

Further  information  is  obtained  from  the  examination  of  another 
view,  phite  23,  made  of  the  same  subject. 
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Rifle — Plate  23. 

upper  extremity. 
Gunshot  Fracture  of  the  Radius  and  Ulna. 

This  plate  was  made  from  the  wound  shown  in  i)hite  *22.  with  the 
arm  in  greater  inward  rotation.  This  position  shows  the  wide  sepa- 
ration of  the  large  fragments  of  the  radius. 

Emergency  treatment  in  such  cases  is  antiseptic  dressing  only, 
without  exploration,  and  with  fixation  by  splints  for  transportation. 
The  degree  of  infection  determines  the  subsequent  course  of  con- 
servative treatment,  with  operative  methods  for  correction  of  de- 
formity reserved  for  further  stage  of  convalescence  and  for  best  surgi- 
cal facilities. 
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RiiXE — Plate  24. 

UPPER  EXTREMITY. 

Gunshot  Fracture  of  the  Radius  and  Ulna  in  the  Upper  Third  of  the  Forearm. 

The  course  of  the  projectile  was  from  within,  outward  and  diag- 
onally forward,  with  a  direct  impact  on  the  ulna,  and  a  tangential 
impact  on  the  radius,  with  several  lines  of  splitting  fracture  in  the 
latter  without  detaching  fragments.  Particles  of  metal,  spattered 
around  the  point  of  first  impact,  were  deposited  by  the  lead  core  of 
a  bullet,  exposed  by  a  torn  jacket,  which  struck  the  second  bone  with 
its  jacketed  surface. 

The  treatment  is  alwaj^s  conservative — meeting  indications  in  case 
of  infection. 

Results  are  good  for  saving  the  limb,  but  not  for  avoiding  de- 
formity. 
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Rifle — Plate  25. 

upper  extremity. 
Gunshot  Fracture  of  the  Radius. 

Wound  of  entrance,  posterior  surface  of  forearm  over  radius  above 
the  middle. 

Wound  of  exit,  below  and  in  front  of  Avound  (»f  entrance. 

The  course  of  the  ball  in  mid  range  was  from  behind,  forward, 
and  slightly  dow^nward. 

While  the  images  of  both  bones  of  the  forearm  are  superimposed, 
because  they  both  lay  in  the  plane  of  the  projection  of  the  shadow, 
it  is  probable  that  the  radius  lay  nearer  the  photogra})hic  plate,  be- 
cause the  head  of  the  radius  is  shoAvn  in  clearer  outline.  The  frag- 
ments of  the  fracture  can  be  seen  as  related  to  the  outlines  of  the 
radius. 

There  is  no  displacement  and  only  slight  fragmentation,  so  that 
the  bullet  must  have  almost  succeeded  in  making  a  punctured  wound 
in  the  radius. 

The  treatment  in  such  cases  is  regulai'ly  that  for  i^imple  fracture, 
as  such  wounds  are  almost  always  aseptic. 

The  results  are  uniformly  good. 
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RirLE — Plate  '2(). 

UPPER   EXTREMITY. 

Gunshot  Fracture  of  the  Radius. 

Wound  of  entrance,  midway  bet^Yeen  radius  and  ulna  and  midway 
between  elbow  and  wrist,  anterior  aspect  of  the  forearm. 

AVoiind  of  exit,  over  i-adius  at  point  o]:>j)()site. 

The  course  of  the  bullet,  in  the  medium  velocitv  of  mid  i-anjre.  in 
piercing  the  medullary  canal  has  almost  succeeded  in  drilling  the 
bone  without  splitting  off  several  longitudinal  fragments.  Small 
fragments  followed  the  course  of  the  missile,  without  being  energized 
sufficiently  to  lacerate  the  point  of  exit  by  escaping  with  the  projec- 
tile. 

The  wound  of  exit  in  such  cases  hardly  differs  enough  from  the 
wound  of  entrance  to  be  distinguishable.  This  condition  so  often 
obtains  that  the  great  majority  of  perforating  rifle  wounds  of  the 
forearm  do  not  show  the  blow-out  or  "explosive''  efi'ect  which  seems 
to  be  generally  misunderstood  as  a  classic  accompaniment. 

The  bullet  was  traveling  at  high  velocity  of  perhaps  less  than  mid 
range. 

The  treatment  is  usually  that  of  a  simple  fracture,  and  warrants 
no  interference  except  in  case  of  occasional  infection. 

Results  are  almost  always  good. 
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Rifle — Plate  27. 


UPPER   EXTREMITY. 


Gunshot  Fracture  of  the  Radius. 


The  course  of  the  bullet,  at  long  range,  has  been  diagonally  antero- 
posterior through  the  shaft,  causing  only  a  diagonal  fracture. 

The  plate  was  made  after  a  two-weeks'  convalescence,  as  is  shown 
by  the  beginning  of  callus  formation. 

The  treatment  is  that  of  a  simple  fracture. 

Results  are  good. 
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Rifle — Plate  28. 

upper  extremity. 
Gunshot  Fracture  of  the  Radius. 

The  course  of  this  bullet  was  anteroposterior  and  diagonally  from 
above  downward  through  the  shaft,  punching  out  one  side  of  the 
shaft  and  effecting  a  diagonal  fracture  through  the  bone  with  only 
slight  displacement.    The  Avound  was  infected. 

The  radiograph  was  taken  during  the  course  of  treatment,  after 
the  several  small  fragments  found  by  the  punched-out  portion  of  the 
bone  were  removed.  A  small  drainage  tube  is  in  the  wound,  but  the 
size  of  the  forearm  shows  that  the  reaction  is  very  moderate. 

The  treatment  is  that  of  a  simple  fracture,  except  for  the  indica- 
tions to  be  met  in  the  control  of  infection. 


Results  are  good. 
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EiFLE— Plate  29. 

UPPER   EXTREMITY. 

Gunshot  Fracture  of  the  Lower  End  of  the  Radius. 

The  course  of  the  bullet  in  long  range  Avas  diagonally  antero- 
posterior through  the  ulnar  side  of  the  lower  end  of  the  bone,  with 
the  wound  of  entrance  on  the  anterior  and  the  wound  of  exit  on  the 
posterior  aspect  of  the  wrist.  The  wound  of  exit  was  slightly  lacer- 
ated by  several  small  fragments  driven  off  from  the  ulnar  side  of 
the  radius.  These  fragments  Avere  removed  through  an  incision  be- 
fore the  radiograph  was  made. 

The  emergency  treatment  of  such  cases  is  onl\'  antiseptic  dressing 
and  splint  immobilization. 

When  wound  is  aseptic  or  after  it  has  closed,  a  secondar}^  operation 
for  coaptation,  with  proper  facilities  available,  might  be  indicated. 

The  results  as  to  full  restoration  of  joint  function  are  not 
favorable. 


Plate  30. 
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EiFLE— Plate  30. 

UPPER   EXTREMITY. 

Gunshot  Fracture  of  the  Lower  End  of  the  Radius. 

The  course  of  the  missile  was  diafronally  transverse,  strikinir  the 
radius  in  its  lower  third. 

The  projectile  in  this  case  is  unknown,  as  it  might  have  been 
either  a  shrapnel  ball  or  a  deformed  rifle  bullet  with  a  torn  jacket, 
exposing  the  lead  core  and  marking  its  course  with  small  particles 

of  lead. 

The  fissures  in  the  lower  fragment  and  the  finer  fragmentation 
at  the  seat  of  impact,  indicate  a  great  striking  energy,  that  more 
often  resides  in  the  high  velocity  of  a  rifle  bullet  than  the  low 
velocity  of  a  shrapnel  ball.  The  wound  is  therefore  classified  with 
rifle  wounds. 

The  treatment  is  conservative.  The  course  in  such  cases,  without 
infection,  is  very  favorable,  and  not  unfavorable  even  with  infection. 


Kesults  should  be  good. 
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Rifle — Plate  31. 

upper  extremity. 
Gunshot  Fracture  of  the  Lower  End  of  the  Radius. 

Wound  of  entrance,  anterior  aspect  of  wrist,  over  internal  border 
of  radius. 

Wound  of  exit,  posterior  aspect  of  Avrist  between  radius  and  ulna, 
with  laceration. 

The  range  was  described  as  "  close  " — within  a  hundred  yards — 
with  the  bullet  in  hio:h  velocity.  The  energy  of  the  projectile,  im- 
parted to  small  fragments  of  cancellous  tissue,  drove  them  through 
the  wound  of  exit,  and  caused  the  laceration  of  the  superficial  tissues. 
The  wound  was  infected  (swelling  of  soft  parts  clearly  shown)  ;  reso- 
lution followed  extended  treatment,  with  ankylosis  of  the  wrist  and 
radial  displacement  of  the  carpus. 

Emergency  treatment  in  all  such  cases  is  antiseptic  dressing  with- 
out exploration  or  manipulation  of  fragments,  and  with  si)lint  immo- 
bilizaticm. 

Results  are  unfavorable  as  to  function,  depending  upon  extent  of 
destruction  of  tendons. 
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Plate  32. 


EiFLE — Plate  32. 

UPPER  EXTREMITY 

Gunshot  Fracture  of  the  Ulna. 

The  course  of  the  bullet  was  transverse  throii<rh  the  arm  at  the 
junction  of  the  middle  and  upper  thirds  from  behind  the  radial 
border  externally  to  the  ulnar  border  internally,  striking  the  Avail  of 
the  medullary  canal  with  a  punching  effect  that  partly  split  off  short 
longitudinal  fragments  and  caused  transverse  and  longitudinal 
cracks,  without  sejiaration  or  displacement  of  fragments. 

The  same  ballistic  conditions  applied  to  cancellous  tissue  at  the  end 
of  the  bone  would  probably  have  bored  through  it  without  fracture. 

This  effect  is  generally  seen  in  wounds  of  small-caliber  l)ullets  trav- 
eling at  reduced  velocity  of  long  range. 

The  treatment  is  that  of  a  simple  fracture. 

Results,  in  such  cases  without  infection,  could  not  be  bad. 


Plate  33. 
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UPPER   EXTREMITY. 

Gunshot  Fracture  of  the  Left  Ulna. 

The  course  of  the  missile  was  from  within  outward,  rarifrin^ 
downward  to  tlie  wrist,  l)y  deflection,  after  striking  the  ulna  in  its 
ui)i)er  half.  The  considernble  striking  energy  retained  in  a  small 
portion  of  the  mass — consisting  of  only  the  nose  and  a  little  more 
of  the  jacket  of  the  bullet,  but  sufficient  to  fragment  a  large  section 
of  the  bone,  and  then  to  traverse  more  than  half  the  length  of  the 
forearm — leaves  no  doubt  that  the  shot  was  fired  at  very  close  range, 
and  that  the  bullet  was  broken  on  a  nearly  resisting  surface,  leaving 
in  the  nose  of  the  bullet  a  striking  force  equal  to  that  of  the  entire 
projectile  at  long  range. 

The  posterior  surface  of  the  forearm  is  next  to  the  plate,  as  the 
distinct  outline  of  the  styloid  process  of  the  ulna  and  the  posterior 
border  of  the  articular  surface  of  the  radius  shows.  The  radius  and 
ulna  are  parallel  in  the  most  natural  position  of  supination.  The 
normal  diameter  and  sharp  outline  of  the  nose  of  the  bullet  show  it 
to  be  next  to  the  ])late  and  on  the  posterior  surface  between  radius 
and  ulna. 

Fragments  of  the  exposed  lead  core  of  the  bullet  have  scraped  off 
on  the  line  of  fracture  in  a  manner  j^eculiar  to  shrapnel  wounds,  but 
never  seen  in  bullet  wounds  in  which  the  jacket  covei's  all  of  the 
lead  core. 

The  treatment  is  regularly  conservative  and  Avithout  interference. 
as  in  this  i)articular  wound,  which  was  aseptic. 

Secondarv  treatment  may  indicate  correction  of  bone  deform  it  \. 


Plate  34. 


Rifle — Plate  34. 

upper  extremity. 
Gunshot  Fracture  of  the  Ulna, 

The  ballistic  conditions  of  the  projectile  causing  the  wound  shown 
in  this  plate  are  substantially  those  of  the  wound  shown  in  plate  '^)*2. 

The  wound  of  entrance  and  exit  would  be  practically  the  same  in 
chipping  off  a  few  small  fragments  and  causing  a  clean  transverse 
fractui'e  without  any  displacement. 

The  bullet  at  long  range  has  struck  the  wall  of  the  medullary  canal, 
appearance. 

Treatment  that  of  a  simple  fracture. 

Results  must  be  good. 
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Plate  35. 
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Rifle — Platk  .35. 

upper  extremity. 
Gunshot  Fracture  of  the  Ulna. 

The  course  of  the  bullet  at  long  ranire  has  been  anteroposterior 
through  the  middle  of  the  forearm,  passing  through  the  side  of  the 
shaft,  chipping  off  a  few  small  fragments  and  causing  a  long  oblique 
fracture. 

The  conditions  were  much  the  same  as  those  shoAvn  in  plates  *28 
and  29,  except  that  the  striking  energy  of  the  projectile  was  some- 
what greater  with  the  velocity  of  mid  range. 

The  treatment,  without  infection,  is  that  of  a  simple  fracture. 

Results  will  be  uniformly  good. 
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EiFLi-:— Plat^  3G. 

UPPER   EXTREMITY. 

Gunshot  Fracture  of  the  Ulna. 

The  course  of  the  bullet  was  anteroposterior  through  the  ulna  a 
little  above  the  middle  of  the  forearm,  and  fairly  through  the  long 
axis. 

This  is  a  bone  effect  much  similar  to  those  shown  in  ph\tes  28,  29, 
and  31,  except  that  this  condition  is  due  to  the  impact  of  a  missile, 
with  a  still  higher  velocity  of  shorter  range,  imparting  its  energy  to 
small  fragments  of  bone,  which  added  their  momentum  to  the  de- 
structive force  of  the  projectile. 

Xo  large  fragments  were  carried  along  with  the  missile  to  cause 
any  more  destruction  of  tissue  in  exit  than  in  entrance,  so  that  the 
skin  Avounds,  under  these  conditions,  are  about  the  same  in  appear- 
ance. 

The  treatment  is  conservative  and  expectant  with  iunnobilization. 


Kesults  in  such  cases  are  uniformly  good. 
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Plate  37. 
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KiiXE — Plate  37. 

UPPER   EXTREMITY. 

Gunshot  Fracture  of  the  Ulna. 

The  course  of  the  bullet  was  in  an  anteroposterior  direction  at  a 
high  velocity  of  short  ran«^e,  which,  inipartino:  its  enertry  to  the 
fragments,  drove  some  of  them  through  the  tissues  as  "secondary 
missiles"  and  caused  a  laceration  of  the  wound  to  exist. 

The  longitudinal  fragmentation  and  splitting  indicates  a  con- 
siderable energy  of  the  projectile,  which  may  Inne  been  deflected,  as 
its  long  axis  was  turned  somewhat  from  the  trajectory  at  the  time 
of  impact. 

The  emergency  treatment  is  antiseptic  dressing  and  splint  innuobi- 
lization. 

The  subsequent  treatment  is  conservative  with  the  removal  of  de- 
tached fragments  and  with  control  of  infection  as  the  course  indi- 
cates. 
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Rifle — Plate  38. 

UPPER   EXTREMITY. 

Gunshot  Fracture  of  the  Left  Ulna. 

The  course  of  the  bullet  Avas  transverse  throuah  the  middle  of  the 
forearm,  striking  the  posterior  border  of  the  ulna. 

Small  fragments  were  broken  from  the  posterior  wall  of  the 
medullary  canal,  without  destroying  the  longitudinal  continuity 
of  the  anterior  w^all. 

The  velocity  of  the  bidlet  was  probably  that  of  midrange.  as  the 
striking  energy  of  the  impact  was  fairly  great. 

The  posterior  surface  of  the  forearm  lay  next  to  the  plate. 

The  emergency  treatment  is  antiseptic  dressing  and  splint  immobi- 
lization. 

The  subsecpient  treatment  is  that  of  a  simple  fracture,  as  infection 
is  not  usual. 
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Plate  39. 


EiFLE— Plate  39. 

UPPER   EXTREMITY. 

Gunshot  Fracture  of  the  Left  Ulna. 

The  course  of  the  bullet,  with  the  velocity  of  long  range,  was  an- 
teroposterior through  the  lower  third  of  the  forearm,  striking  the 
outer  side  of  the  bone.  The  initial  velocity  of  the  projectile  was 
nuich  reduced,  as  is  shown  by  the  tendency  to  puncture  the  bone  with- 
out much  fragmentation. 

There  was  no  displacement  of  fragments  as  a  direct  result  of  the 
impact,  although  muscular  contraction  has  caused  some  slight  sul)se- 
quent  overriding. 

The  wounds  of  entrance  and  exit  were  about  the  same,  if  not  ([uite 
similar  in  appearance. 

The  emergency  ti'eatment  is  the  conventional  antiseptic  dressing 
with  splint  immobilization. 

The  subsequent  treatment  is  usualh"  that  of  a  simple  fi-acture.  as 
infection  in  such  cases  is  rare. 
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Plate  40. 
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Rifle — Plate  40. 


UPPER    EXTREMITY. 


Gunshot  Fracture  of  the  Ulna. 


The  course  of  the  bullet  Avas  obliquely  anteroposterior  through  the 
lower  third  of  the  forearm,  striking  the  radial  edge  of  the  bone  with 
a  velocity  of  long  range. 

The  wounds  shown  in  plates  35  and  39  represent  conditions  similar 
to  those  causing  this  wound,  except  that  the  ranges  were  progressively 
greater. 

In  this  case  the  projectile  exhibited  a  punching  etiect  at  the  point 
of  impact,  and,  although  the  lines  of  force  are  shown  in  character- 
istically divergent  fissures,  the  energy  imparted  to  the  fragments — 
less  than  in  the  preceding  cases — has  not  been  sufficient  to  separate 
or  to  displace  the  fragments. 

The  emergency  and  subsecjuent  treatment  is  conventionally  con- 
servative, as  in  the  preceding  cases. 
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Plate  41. 
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Rifle — Plate    U. 

upper  extremity. 
Gunshot  Fracture  of  the  Wrist. 

Wound  of  entrance,  posterior  aspect  of  forearm  over  the  lower 
end  of  the  radius,  with  the  bullet  ranging  forward  and  slightly 
dow^nward  to  the  wound  of  exit  and  covering  with  great  laceration 
the  anterior  aspect  of  the  wrist  joint. 

The  range  was  close,  and  the  energy  of  the  high  velocity  of  the 
missile  was  imparted  to  fragments,  which,  becoming  ''secondary 
missiles,"  emerged  with  the  projectile  to  cause  extensive  laceration 
and  destruction  of  tissue. 

The  case  Avas  received  for  amputation  in  the  second  week,  when 
a  grave  degree  of  infection  extended  in  a  cellulitis  to  the  elbow. 
The  ulnar  nerve  and  vessels  were  intact,  but  the  flexor  tendons  were 
almost  entirely  destroyed. 

The  plate,  made  after  several  weeks,  Avhen  infection  was  under 
control  and  after  the  end  of  the  radius  and  fragments  of  the  carpus 
had  been  informally  removed,  shows  a  rarefaction  of  the  carpus  and 
proximal  ends  of  the  metacarpus,  due  to  infection  and  disuse. 

Frequent  incisions  and  extension  of  drainage,  with  removal  of 
detached  fragments,  was  continued  for  several  months.  The  wound 
was  closed  in  the  sixth  month,  with  ankylosis  and  deformity  of  the 
wrist,  as  shown  in  plate  42. 
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Plate  42. 
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EiFLE — Plate  42. 


UPPER    EXTREMITY. 


Gunshot  Fracture  of  the  Wrist. 


This  plate,  presenting*  n  late-ral  view  of  the  wound  shown  in  j^latc 
41,  shows  considerable  deformity  of  the  joint,  after  four  months' 
treatment,  which  was  even  more  marked  two  months  hiter.  when 
tlie  case  Avas  dischar^red  with  an  ankylosis  of  the  wrist  joint,  con- 
tracture of  the  flexor  tendons  of  the  fingers,  and  slight  flexor  function 
of  the  thumb,  permitting  apposition  with  the  first  finger. 

The  result,  while  leaving"  much  to  be  desired,  preserved  a  function 
of  the  hand  vasth^  superior  to  that  of  a  forearm  stump. 

The  treatment  in  such  cases  is  always  courageously  conservative, 
with  ami)utation  only  as  the  extreme  measure  to  save  life,  with  risks 
of  judgment  in  favor  of  conservatism. 

Corrective  measures  may  be  employed  after  management  if  the 
treatment  of  the  infection  is  successful  and  when  the  case  passes  out 
of  the  military  category.  It  is  not  possible,  during  a  long  infection, 
to  maintain  better  position  in  such  cases. 
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■Rtflk— Pr.ATK  48. 

UPPER   EXTREMITY. 

Gunshot  Fracture  of  the  Metacarpus. 

Wound  of  entrance,  inner  aspect  of  the  liand  over  proximal  end 
of  the  fifth  nietacai'pal. 

Wound  of  exit,  on  the  outer  border  of  the  hand  over  the  distal 
end  of  the  second  metacarpal. 

The  veh;city  of  the  bullet  Avas  in  mid  or  long  range,  as  it  disphiced 
no  fragments,  and  as  it  made  a  point  of  entrance  and  exit  al)out  the 
same  in  appearance. 

The  wound  was  infected,  which  is  more  frequenth'  the  case  in 
the  hand  than  in  the  forearm. 

The  treatment  is  conservative  Avith  free  incision  and  c[rainage  in 
the  management  of  infection. 
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Rifle — Plate  44. 

upper  extremity. 
Gunshot  Fracture  of  the  Third  Phalanx. 

The  course  of  the  bullet  was  anteroposterior  through  the  base  of 
the  proximal  phalanx  of  the  middle  finger,  with  a  velocity  of  long 
range.  It  practically  punctured  the  bones  and  split  off  a  few  frag- 
ments without  displacement. 

The  wound  of  entrance  would  be  much  the  same  as  the  wound  of 
exit,  with  the  latter,  but  ;i  little  larger. 

Treatment  is  conservative. 
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EiiLE — Plate  45. 


CHEST. 

Penetrating  Gunshot  Wound  of  the  Chest,  with  Lodgment  of  the  Projectile 

Near  Posterior  Chest  Wall. 

Point  of  entrance,  pectoral  border  and  fourth  ril). 

Point  of  exit,  none. 

The  distinct  shadow  of  the  angle  of  the  ribs  shows  that  the  posterior 
chest  wall  was  next  to  the  photographic  plate,  and  that  the  larger  and 
less  distinct  outline  of  the  anterior  portions  of  the  upper  ribs  was 
farther  from  the  phite. 

The  nearh^  normal  size  of  the  shadow  of  the  projectile  shows  it  to 
be  much  nearer  the  posterior  than  the  anterior  chest  wall.  The 
blurred  outline  shows  it  to  have  moved  with  respiration.  Such  con- 
diticms  locate  its  position  within  tiie  thoracic  cavity. 

The  emergency  treatment  is  antiseptic  dressing  and  rest. 

The  subsequent  treatment  depends  upon  pleural  involvement  or  the 
extremely  rare  infection  of  the  lung. 

These  cases  are  nearly  all  aseptic,  and  it'  the  great  vessels  and 
nerves  of  the  chest  escape  injury  results  are  generally  favorable. 
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RiFLK— Platk  40. 


PELVIS. 


Gunshot  Wound  of  the  Pelvis,  with  Lodgment  of  the  Missile  in  the  Abdomen. 

The  course  of  the  bullet  was  from  behind  forward,  striking  the 
crest  of  the  ilium,  on  which  it  was  deflected,  and  spattering  off  some 
lead  fragments.  The  slight  penetraticm  indicates  a  velocity  of  ex- 
tremely long  range  and  a  striking  energy  lessened  by  ricochet. 

The  irregular  outline  of  the  shadow  of  the  projectile  shows  its 
deformity,  and  the  blurred  outline  indicates  intra-abdominal  move- 
ment with  respiration. 

While  the  missile,  as  revealed  by  its  shadow,  is  not  a  shrapnel 
ball,  the  distribution  of  lead  particles  is  more  suggestive  of  a  shrap- 
nel than  of  a  rifle  projectile,  and  the  ballistic  conditions  are  more 
characteristic  of  the  former  than  of  the  latter. 

There  was  no  abdominal  reaction;  the  invasion  of  tbe  alxlomen  was 
I      revealed  by  the  radiograph. 

The  treatment  in  such  cases  is  noninterference  unless  >ubse(]uent 
developments  furnish  definite  indications. 
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Plate  47. 
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KiiLK — Plate  47. 


LOWER   EXTREMITY. 


Gunshot  Wound  of  the  Gluteal  Region,  with  Lodgment  of  the  Bullet  Near  the 

Ischium. 

Wound  of  entrance,  OAer  gluteal  prominence  on  a  transverse  line 
through  the  great  trochanter. 

AVouncl  of  exit,  none. 

There  Avas  no  l)()ne  injury  in  this  case.  The  bullet,  to  have  lodged 
in  the  soft  parts  after  relatively  slight  penetration,  must  have  struck 
the  body  at  extreme  range  when  its  energy  was  almost  spent  in  flight, 
for  its  normal  outline  indicates  that  it  was  not  retarded  by  ricochet. 
The  long  axis  is  almost  perpendicular  to  the  plate.  As  the  posterior 
pelvis  was  next  to  the  plate,  the  fairly  dense  shadow  shows  the  pro- 
jectile was  not  far  from  the  plate  and  behind  the  ischium. 

The  treatment  is  conservative;  infection  in  such  cases  is  extremely 
rare;  and  only  pain  or  imj^aired  function  after  many  months  of  con- 
valescence justifies  operation  for  removal  of  the  missile. 
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T^IIT.K—T^.ATK    48. 
LOWER   EXTREMITY. 

Gunshot  Wound  of  the  Thigh,  with  Lodgment  of  the  Bullet. 

Wound  of  entrance,  outer  aspect  of  the  thigh  at  the  junction  of 
the  upper  and  middle  thirds. 

The  slight  penetration  without  bone  injury  and  with  slight  de- 
formity of  the  nose  of  the  bullet  indicates  that  the  wound  was  caused 
by  a  ricochet  shot  at  extreme  range,  after  its  energy  was  almost  s^ient. 

With  the  posterior  aspect  of  the  thigh  next  to  the  plate,  the  dense 
shadow  and  the  nearly  normal  size  of  its  outline  indicate  that  the 
bullet  was  in  the  same  relative  position  and  that  it  lay  posterior  to 
the  neck  of  the  femur. 

As  such  wounds  are  rarely  infected,  the  treatment  is  conservative, 
and  a  search  for  the  missile  is  only  justified  by  serious  infection,  pain, 
or  impaired  function. 
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RiFM'   -Plati:  49. 


LOWER   EXTREMITY. 


Gunshot  Wound  of  the  Right  Thigh,  with  Lodgment  of  the  Bullet  Behind  the 

Femur. 

'Jliere  is  no  injury  of  the  bone  in  this  case,  as  the  hiillet  hulked 
in  the  muscles  posterior  to  the  lower  third  of  the  femur  without 
strikinc^  the  bone.  The  lighter  circular  area  of  the  larger  end  of  the 
shadow  of  the  projectile  shows  that  its  base  is  farther  from  the  plate 
than  its  nose,  which  was  probably  flattened  and  bent  by  the  ricochet 
which  reduced  its  velocity  so  as  to  give  it  but  slight  power  of 
])enetration. 

It  is  not  easy  to  determine  from  inspection  of  the  plate  which  side 
of  the  leg  la}^  next  to  the  plate. 

With  a  history  of  the  wound  of  the  right  thigh  and  with  the  out- 
side of  the  leg  next  to  the  plate,  the  projectile  must  have  lain  near  the 
plate  cm  the  outside  behind  the  lower  end  of  the  femur,  midway  be- 
tween the  skin  and  bone. 

The  nuirkings  seen  on  the  bone  are  not  concerned  with  the  wouuil, 
as  the  same  effect  in  the  })late  is  seen  in  the  areas  beside  the  lume. 

The  treatment  is  conservative;  infecticm  is  rare. 
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Plate  50. 
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Rifle — Platp:  50. 


LOWER   EXTREMITY. 


Gunshot  Wound  of  the  Right  Thigh,  with  Lodgment  of  the  Bullet  Behind  the 

Femur. 

There  is  no  injiiiy  to  the  bone.  Tlie  hir^e  diameter,  shortened 
leno^th,  and  slight  density  of  the  shadow  show  the  bullet  to  l)e  some 
distance  from  and  inclining  toward  the  plate  and  lodged  in  the 
muscles  behind  the  femur,  nearer  the  side  away  from  the  photo- 
graphic plate.  Tt  is  difficult  to  identify  the  right  or  left  thiirh  from 
the  radiograph,  but  with  the  history  of  the  wound  in  the  right  thigh 
and  the  outside  of  the  leg  next  to  the  plate  the  ball  would  lie  nearer 
the  inside  than  the  outside  of  the  thigh,  nearer  the  surface  behind  the 
femur.  As  the  shadoAV  shows  irregular  outline  and  the  location  of 
the  bullet  low  velocity,  the  wound  was  caused  by  a  ricochet  shot  at 
very  long  range. 

The  treatment  is  expectant  and  the  course  naturally  favoral>le. 
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liii  j.i: — Pla'h:  .")!. 

LOWER   EXTRKMITY. 

Gunshot  Wound  of  the  Thigh,  with  Lodgment  of  the  Missile. 

As  there  is  no  injury  to  the  hone,  the  hullet  is  not  (h^fornuMh  Its 
penetrating  power  was  not  great  enough  to  carry  it  through  the 
tissue  so  it  must  have  struck  the  leg  at  extreme  range  when  its  energy- 
was  ahnost  spent. 

The  actual  length  of  the  bullet  is  l.*2r>  inches;  the  length  of  the 
shadow  is  about  1.50  inches. 

The  increased  length  and  the  relatively  slight  density  of  the 
shadow  indicate  the  bullet  to  be  some  distance  from  the  plate.  The 
case  history  places  the  wound  in  the  right  thigh,  and  the  posterior 
surface  of  the  leg  lay  next  to  the  photographic  i)late.  As  the  density 
of  the  shadow  is  not  greater  than  the  thickest  portion  of  the  bone, 
the  l)ullet  probably  lies  in  front  of  the  border  of  the  outer  tuberosity 
of  the  femur. 

Although  the  surgeon's  diagnosis  had  to  be  made  from  the  only 
available  plate,  there  is  something  of  a  speculative  element  in  these 
deductions,  because  if  the  reriction  in  the  knee  joint  prevented  the 
l)atient  from  extending  the  leg  the  increased  length  of  the  bullet 
shadow  could  be  accounted  for  by  this  position,  Avhich  would  permit 
the  bullet  to  lie  behind  the  bone  and  yet  far  enough  from  the  plate  to 
account  for  the  shadow  enlargement.  The  nose  of  the  bullet  is  at  the 
epii)hyseal  line.  Avhich  is  sli()V>'n  in  the  lemur. 
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KiFLE — Plate  52. 


LOWER  EXTREMITY. 


Gunshot  Fracture  of  the  Upper  Shaft  of  the  Femur. 

The  course  of  the  bullet  was  anteroposterior  and  i)ierce(l  the  axis 
of  the  shaft  of  the  femur  with  three  radiating  lines  of  fracture,  re- 
sulting from  the  perforating  action  of  the  bullet  striking  the  bone 
at  long  range  and  with  greatly  reduced  energv\ 

This  plate  shows  the  lateral  separation  of  large  fragments,  which 
is  typical  of  gunshot  wounds  of  long  range. 

Such  wounds  are  usually  not  infected. 

Emergency  treatment  is  antiseptic  dressing  and  coaptation  with 
extension  and  temporary  splint,  so  that  it  may  support  the  bone  for 
transportation  and  may  be  easily  removable  at  place  of  continued 
treatment. 

In  these  cases  with  lateral  separation  of  fragments,  it  is  impera- 
tive to  supplement  extension  with  pressiire  in  a  line  perpendicular  to 
the  long  axis  of  the  femur. 


Plate  53. 


RiFLK — Platk  53. 

UPPER   EXTREMITY. 

Gunshot  Fracture  of  the  Shaft  of  the  Femur  with  Lodgment  of  the  Bullet. 

The  course  of  the  bullet  was  antero-posterior  and  diagonally  in- 
ward from  the  antero-external  border  of  upper  third  of  the  thi<rh.  A 
thin  longitudinal  fragment  was  split  off  without  transverse  fracture. 

The  missile  struck  the  thigh  after  its  energy  had  been  greatly 
reduced  by  ricocheting  as  a  result  of  striking  a  resisting  object 
which  Ihittened  its  nose  and  "  set  up "  its  body,  as  shown  by  the 
wavy  outlines  of  the  shadows. 

The  dense  and  normal-size  shadow  shows  the  bullet  to  be  near 
the  plate  and  pi'obably  in  the  muscles  superficially  l)ehin<l  and  below 
the  lesser  trochanter. 

As  the  prominent  outline  of  the  lesser  trochanter  shows  that  the 
leg  was  in  external  rotation  when  the  negative  was  made,  it  is 
evident  that,  with  the  rotation  back  to  the  anatomical  position,  the 
projection  of  the  shadow  of  the  bullet  would  fall  close  to  or  in 
line  with  the  shaft  of  the  femur;  the  positicm  of  tlie  bullet  is  behind 
the  femur. 

The  treatment  is  conservative,  with  no  trouble  to  be  ex})ected  from 
infection. 
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Plate  54. 
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Rifle — Plaik  ^>-\:. 

lower  extremity. 
Gunshot  Fracture  of  the  Lower  End  of  the  Shaft  of  the  Femur. 

The  course  of  the  bullet  was  {interoposterior  through  the  axis  of 
the  femur.  Several  large  fragments  which  were  not  displaced  were 
separated  by  the  force  of  impact.  The  separation  of  the  fragments 
and  the  overriding  of  the  ends  of  the  proximal  and  distal  large 
fragments  were  due  to  bearing  bodily  weight  or  to  muscular  con- 
traction. 

The  projectile  causing  the  wound  was  moN  ing  with  the  velocity 
of  mid  range.    The  wound  of  exit  was  not  lacerated. 

The  emergency  treatment  is  antiseptic  dressing  and  temporary 
splint  immobilization.  Permanent  dressing,  with  extension  and 
lateral  compression,  is  the  rule. 

Infection  in  such  cases  is  frequent  owing  to  lack  of  facilititv^  for 
])ro])er  dressing  on  the  field. 


Kesults  in  saving  life  and  limb  are  generally  good. 
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liiFLi: — Plaik  55, 

LOWER   EXTREMITY. 

Gunshot  Fracture  of  the  Lower  Third  of  the  Shaft  of  the  Femur. 

The  course  of  the  bullet  Avas  diagonally  anteroposterior,  with  a  ve- 
locity near  mid  range,  without  causing  much  displacement  of  frag- 
ments. 

The  wound  of  entrance  and  exit  would  be  almost  the  same  in 
appearance. 

Treatment  and  results  w^ould  be  similar  to  case  shown  on  plate  54. 
^fany  of  those  wounds  are  infected,  due,  no  doubt,  to  the  ditliculties 
of  arran^rin":  a  clean  first-aid  dressing:  and  etl'ectin^  satisfactory 
inniiobilization  during  the  first  stage  of  transportation. 

Infection  from  clothing  carried  into  the  wound  is  rare,  as  the  fairly 
high  velocity  of  the  bullet  causes  a  spreading  of  the  fibers  without 
division  or  punched-out  section  before  the  bullet. 

As  a  rule  the  infected  cases  of  this  class  recovered  without  l(»s  of 
limb.     Amputation  was  very  rare. 
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Plate  56. 
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R 1 FL  K V  LA  T 1 :    5  G . 


LOWER  EXTREMITY. 


Gunshot   Fracture  Below  the  Middle  of  the   Femur,   with  Lodgment   of  the 

Bullet  Near  the  Fracture. 

The  course  of  the  i)rojec'tile  was  transverse.  The  hm^  si)littin2^ 
fractiu'e,  with  few  large  fragments  and  the  h)dge(l  iindefornied  mis- 
sile, indicate  that  the  injury  to  the  bone  was  caused  hy  the  missile 
striking  the  bone  with  large  cross  section  or  at  an  inclined  angle  so 
that  all  of  the  remaining  energy  of  the  projectile  at  long  range  was 
absorbed  by  the  bone. 

Had  the  point  of  the  ball  struck  the  bone  Avith  the  same  energA% 
it  would  have  produced  smaller  fragments  and  might  then  have 
passed  beyond  the  bone.  The  normal  size  of  the  diameter,  slightly 
shortened  length,  greater  density  of  the  point  of  the  shadow,  shows 
the  bullet  to  lie  behind  the  bone  with  its  nose  pointing  slightly 
backward.  The  actual  length  of  the  bullet  is  1.2^)  inches;  the  length 
of  the  shadow  is  1  inch. 

Treatment  and  results  would  be  about  the  same  as  in  plates  40 
and  50. 
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Rifle — Plati:  57 


LOWER   EXTREMITY. 


Gunshot   Fracture  About  the  ^Middle  of  the  Femur,  with  Lodgment  of  the 

Fragments  of  a  Deformed  Bullet. 

The  course  of  the  missile  was  transverse.  All  of  the  remain injr 
enei'^y  of  the  retarded  Aelocity  of  the  sliort  rantre  of  a  ricochet  shot 
Avas  stoi)i)e(l  by  the  l)one  with  the  result  of  a  lon<r  splittinir  frac- 
ture, and  the  lodgment  of  one  large  and  a  few  small  fragments  of  tlie 
missile. 

The  small  notched  metal  fragment  lying  to  the  right  of  the  upper 
bone  fragment  is  a  small  bent  piece  of  the  jacket,  detached  from  the 
greatly  deformed  lead  core,  which  can  be  faintly  seen  lying  behind 
the  lower  end  of  the  left  side  of  the  upper  bone  fragment. 

The  treatment  is  extension  with  lateral  comi)ression,  although  this 
case,  showing  by  callus  formation  advancing  convalescence,  reveals 
very  bad  position. 

Results  as  to  life  and  limb  are  favorable  in  such  cases,  but  some 
deformity  is  to  be  expected. 

It  should  be  noted  that  this  is  a  case  from  Gulhane  Hospital, 
the  l)est  military  hospital  in  Constantinople,  where  the  surgical 
service,  imder  Prof.  Wieting  Pasha,  was  skillfully  conducted. 
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KiFLE — Plate  58. 

LOWER  EXTREMITY. 

t 

I  Gunshot  Fracture  of  the  Lower  End  of  the  Femur. 

The  course  of  the  hiiHet  Avas  anteroposterior. 
I         The  long,  obli(iue.  splitting  fracture  Avithout  sei)arate   fragments 
J     indicates  the  long  range  of  the  missile  in  low  velocity. 
I         The  wound  was  infected  as  is  indicated  by  the  drainage  tubes  in 
place.    The  well-advanced  callus  formation  indicates  established  con- 
valescence. 

Kesults  are  favorable  for  recovery  with  only  fair  position  and  some 
shortening. 

It  may  be  observed  that  this  is  also  a  case  from  Gulhane  Hospital. 
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Rifle — Plate  59. 


LOWER   EXTREMITY, 


Gunshot  Wound  of  the  Left  Knee-Joint,  with  Lodgment  of  the  Missile  in  the 

Joint. 

The  course  of  the  bullet  was  transverse,  entering  the  capsule  pos- 
terior to  the  patella  without  injury  to  the  bone. 

As  its  shadow  projection  is  almost  circular,  the  bullet  nuist  be 
standing  almost  on  its  end  pointing  toward  the  plate  with  its  lonir 
axis  almost  ]:)a railed  to  the  line  of  projection. 

As  the  fibular  side  of  the  leg  lay  next  to  the  plate  and  as  the  only 
slightl}^  enlarged  shadow  of  the  bullet  indicates  it  to  be  near  the 
plate,  its  position  is  in  the  joint  near  the  fibular  side. 

As  the  bullet  is  undeformed  and  its  penetrating  power  very  slight, 
its  velocity  was  that  of  extreme  range. 

The  emergency  treatment,  is,  of  course,  a  simple  antiseptic  dress- 
ing with  the  leg  held  in  the  most  comfortable  position  by  muscular 
action. 

The  subsequent  treatment  is  removal  of  the  bullet  when  i)roper 
surgical  conditions  obtain. 

11481°— IG 13  !■» 


Plate  60. 


130 


KiFLK — Plate  GO. 


LOWER   EXTREMITY. 


Gunshot  Fracture  of  the  Tibia  and  Fibula,  with  Lodgment  of  the  Missile. 

The  course  of  the  bullet  was  dia<xoncil  from  within  outward  and 
backward  about  the  middle  of  the  leg,  with  the  impact  tangential  on 
the  tibia  and  direct  on  the  fibula.  The  bullet  lies  just  behind  the 
tibia. 

It  is  apparent  that  the  bullet  has  been  greatly  deformed  and  that 
its  jacket  has  been  badly  torn  from  the  core.  The  force  of  impact 
on  the  object  from  which  it  ricocheted  must  have  been  contributed 
l)y  tlie  velocity  of  short  range,  which  reduced  the  striking  energy 
so  greatly  that  the  bullet  Avas  lodged  by  the  resistance  of  the  til)ia 
and  fibula. 

The  wound  was  not  infected,  and  callus  formation  shows  that 
repair  has  l)egun. 

The  treatment  in  such  cases,  without  infection,  is  noninterference. 
The  lodgment  of  the  missile  need  not  ])rejudicate  the  i^rognosis,  and 
certainly  the  additional  damage  in  the  search  for  the  bullet  is  not 
warranted,  exce})t  under  special  indications. 
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KlI'Li: l^LATK    01. 

LOWER   EXTREMITY. 

Gunshot  Fracture  of  the  Lower  Ends  of  the  Tibia  and  Fibula. 

The  course  of  the  bullet  was  transverse,  with  the  Aelocity  of  inid- 
I'ange. 

The  fragmentation  of  the  fibula,  lying  close  to  the  skin.  wouM 
produce  considerable  laceration  in  the  wound  of  exit. 

The  treatment  is  conservative.  Infection  would  depend  almost 
entirely  upon  the  integrity  of  the  first  dressings  aud  immobilization. 

Results  should  be  favorable,  with  care  in  subsequent  treatment. 
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RiFLK 1*LATK    G2. 


LOWER  EXTREMITY. 


Gunshot  Fracture  of  the  Upper  Third  of  the  Tibia,  with  Large  Longitudinal 

Fragment. 

The  course  of  the  bullet  was  anteroposterior  and  slightly  diagonal 
from  without  inward  through  the  shaft  of  the  tibia. 

The  injury  Avas  due  to  the  energy  of  impact  of  a  l)ullet.  in  the  high 
velocity  of  short  range,  striking  the  axis  of  the  diaphysis,  in  which 
the  greater  part  of  its  energy  was  expended  in  pushing  away  a  wall 
of  the  canal. 

Con\ak\scence  is  well  established  v.  itliout  infection,  as  shown  by 
callus  formation. 

The  treatment  in  such  cases  is  invariabh'  conservative,  with  the 
remo\  al  of  such  fragments  as  may  be  detached  by  suppuration  and 
sequestration. 
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EiFLE— Plati:  r,3. 

LOWER   EXTREMITY. 

Gunshot  Wound  of  the  Middle  of  the  Tibia,  with  Few  Large  Fragments. 

The  course  of  the  bullet  Avas  trans\'erse  from  without  inward. 

The  direct  impact  of  the  bullet,  in  high  velocity  of  short  range,  has 
produced  the  typical ''  X  '■  fracture  due  to  the  radiating  lines  of  force. 

The  Avound  was  infected,  as  is  shown  by  the  drainage  tubes  in  the 
wound. 

The  emergency  treatment  in  such  cases  is  simple  antiseptic  dressing 
and  temporary  splint  immobilization. 

The  subsequent  treatment  is  the  management  of  the  infection. 

The  results  in  such  cases  are  favorable. 
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Rifle — Plate  64. 

lower  extremity. 
Gunshot  Fracture  of  the  Tibia. 

The  course  of  the  bullet  was  diagonal,  from  without  inward  and 
from  before  backward  through  the  middle  of  the  tibia.  Small  par- 
icles  of  metal  have  lodged  at  the  site  of  the  fracture — a  condition 
which  never  occurs  in  a  rifle  wound  with  the  jacket  of  the  bullet 
intact,  while  it  is  the  invariable  accompaniment  of  a  shrapnel  wound 
of  a  bone. 

It  is  inferred  that  the  jacket  of  the  bullet  in  this  case  was  damaged 
by  ricochet,  or  that  some  metal  particles  from  the  object  against 
which  the  bullet  ricocheted  were  carried  into  the  wound,  as  some 
other  small  pieces  of  metal  are  seen  in  areas  distant  from  the  seat  of 
fracture. 

As  the  fragments  are  small  and  not  displaced,  the  velocity  of  the 
missile,  at  least  that  of  mid-range,  was  almost  sufficient  to  perforate 
the  bone  Avithout  fracture. 

139 


Plate  65. 


110 


Rifle — Plate  05. 

lower  extremity. 
Gunshot  Fracture  of  the  Tibia. 

The  course  of  the  bullet  was  transverse,  from  within  outward, 
striking  the  bone  near  the  outer  border  with  the  velocity  of  mid  or 
long  range,  producing  long  fissures  without  separation  of  fragments. 

The  safet}^  pin,  of  course,  lies  in  the  dressings  and  on  the  side  away 
from  the  plate,  as  shown  by  its  somewhat  indefinite  outline  and  in- 
creased length. 

The  wounds  of  entrance  and  exit  are  practically  the  same. 

The  treatment  in  such  cases  is  that  of  a  simple  fracture,  except  for 
the  management  of  an  occasional  infection,  and  the  results  are 
favorable. 
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Rifle — Plate  00. 

lower  extremity. 
Gunshot  Fracture  of  the  Middle  of  the  Tibia,  with  Lodgment  of  the  .Missile. 

The  course  of  the  bullet  was  transverse,  from  without  inward, 
striking  on  the  side  of  the  shaft  of  the  tibia. 

The  bullet  was  so  badly  damaged  by  ricochet  that  only  a  ]iortinn  of 
it  was  the  cause  of  this  wound. 

The  range  was  short,  if  not  close,  as  the  missile  after  striking  a  re- 
sisting object  with  force  enough  to  break  itself  retained  enough 
energy  in  a  fragment  of  less  than  half  its  mass  to  cause  a  long 
fissure  fracture,  with  the  separation  of  smaller  fragments. 

The  treatment  is  noninterference,  except  for  infection.  Avhich.  con- 
trary to  what  might  be  expected  from  presumable  contamination 
from  the  object  from  Avhich  it  ricocheted,  does  not  occur  more  fre- 
(ifuently  in  ricochet  than  direct  wounds  with  lodgment  of  the  pro- 
jectile. 
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Rifle — Plate  67. 

lower  extremity. 
Gunshot  Fracture  of  the  Lower  Third  of  the  Tibia. 

The  course  of  the  bullet,  Avith  reduced  energy  of  long  range,  was 
anteroposterior,  striking  the  inner  border  of  the  bone  and  punching 
out  a  circular  area  of  small  fragments  with  a  single  transverse  line 
of  fracture. 

The  wound  of  exit  was  slightly  larger  than  the  wound  of  entrance. 

The  treatment  is  conservative.  Infection  is  not  probable  if  emer- 
gency dressing  is  clean. 
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Rifle — Plate  08. 

lower  extremity. 
Gunshot  Fracture  of  the  Lower  Third  of  the  Tibia. 

The  course  of  the  bullet  was  diagonally  anteroposterior,  from  with- 
out inward,  striking  the  internal  border  of  the  anterior  sui'face  of 
the  bone,  and  i)artially  splitting  off  fragments  from  the  side  with  a 
perforating  effect. 

The  range  of  the  shot  was  long. 

The  dense  and  irregular  shadows  to  the  right  of  the  fracture  are 
caused  by  the  material  used  in  dressing  and  indicate  a  sliglit  infec- 
tion. The  small  shadows  on  the  tibial  side  are  not  a  part  of  the 
wound,  but  are  due  to  opaque  material  caught  in  the  dressing. 
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Rifle— Plate  G9. 

lower  extremity. 
Gunshot  Fracture  of  the  Lower  End  of  the  Tibia. 

The  course  of  the  bullet  was  transverse,  from  without  inward, 
through  the  lower  end  of  the  bone,  with  a  piercing  effect  and  a  fissur- 
ing  of  the  upper  fragment. 

The  velocity  w^as  that  of  short  range. 

The  wound  of  exit  would  be  slightly  larger  than  tliat  of  entrance, 
as  some  small  fragments  can  be  seen  extending  along  the  tract  of  the 
missile  from  the  line  of  transverse  fracture  toward  the  internal  border 
of  the  leg.  There  was  no  laceration  of  the  wound  of  exit.  The 
wound  was  clean. 

The  treatment  is  consei'vative. 

Results  should  be  favorable.  Infection  would  depend  mo>t  ])rob- 
ably  upon  the  asepsis  of  the  first  dressing. 
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Rifle — Plaii:  70. 

lower  extremity. 
Gunshot  Fracture  of  the  Tibia,  with  Lodgment  of  the  Missile. 

The  course  of  the  bullet  was  from  within  outward,  strikinor  the 
posterior  surface  of  the  tibia  about  2  inches  above  the  anUle.  and 
causing  a  slight  crack  in  the  bone  at  the  point  where  its  course  was 
deflected. 

The  velocity  was  that  of  extreme  range,  as  the  wholly  normal  out- 
line of  the  projectile  and  the  slight  penetration  indicates  that  its 
energy  was  almost  entirely  lost  in  fliglit  and  not  by  ricochet. 

The  sharp  outlines  of  the  lower  border  of  the  fibula  and  the  ex- 
ternal border  of  the  articular  surface  of  the  lower  end  of  the  til)ia 
indicate  the  position  of  the  fibula  as  next  to  the  photographic  i)late. 

The  bullet  lies  at  a  very  sliglit  angle  with  the  plate,  as  is  shown 
by  the  curved  outline  of  its  base,  which  condition  alone  would  give 
a  projection  shadow  somewhat  shorter  than  the  bullet.  But  as  the 
shadow  is  actually  somewhat  longer  than  the  bullet  (about  one- 
eighth  inch,  or  one-tenth  its  length),  the  position  of  the  l)ullet  is 
some  distance  from  the  plate  and  most  probably  lies  behind  the  til)ia, 
at  the  inside  of  the  fibula. 
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Rifle — Platk  71. 

lower  extremity. 
Gunshot  Fracture  of  the  Fibula. 

The  course  of  the  bullet  was  anteroposterior  throuirh  the  lower 
third  of  the  leg,  striking  the  fihula  squarel}^,  passing  through  the 
bone  with  a  perforating  effect,  accompanied  by  slight  fragmentation 
and  with  a  reduced  velocit}^  of  long  range. 

The  Avounds  of  entrance  and  exit  would  be  almost  the  same  in  a})- 
pearance.  Asepsis  in  such  cases  is  the  almost  invariable  rule,  and 
the  treatment  after  the  simple  dressing  is  that  of  a  simple  fracture. 
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Rifle — Platk  7*2. 

lower  extremity. 
Gunshot  Fracture  of  the  Ankle. 

The  course  of  the  bullet  was  anteroposterior,  strikinir  the  fihiila 
from  behind  with  a  velocity  of  lon<>'  ranae,  and  caiisinir  some  slight 
fragmentation  Avithout  displacement  of  the  fragments. 

The  joint  architecture  is  slightly  disturbed.  The  joint  mortice  is 
a  bit  widened  by  the  external  deflection  of  the  external  malleolus, 
which  permits  a  slight  outward  rotation  of  the  astragalus. 

As  the  dangers  of  infection  are  usually  escaped,  the  treatment  is 
that  for  Pott's  fracture. 
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Rifle — Plate  73. 

lower  extremity. 
Gunshot  Wound  of  the  Heel,  with  Lodgment  of  the  Missile. 

The  course  of  the  bullet  was  from  l)ehin(l  forwaid  through  the 
insertion  of  the  tendo  Achillis  and  its  lodgment  along  the  outer  bor- 
der of  the  OS  calcis. 

There  was  no  injury  to  the  bone.  The  path  of  the  bullet  is  shown 
by  the  slight  mottling  above  the  posterior  extremity  of  the  os  calcis. 

The  nose  of  the  bullet  is  slightly  deformed  by  ricochet  at  long 
range. 

The  very  slight  penetration  and  the  slight  deformity  of  the  nose 
of  the  bullet  indicates  a  velocity  of  extreme  range  of  both  impact 
of  the  ricochet  and  of  the  wound. 

The  sharp  outline  of  fibula  and  the  base  of  fifth  metatarsal  shows 
the  fibula  to  be  next  to  the  plate.  The  only  slight  enlargement  and 
square  base  of  the  shadow  of  the  bullet  show  it  to  be  parallel  to 
the  plate,  or  at  right  angles  to  the  line  of  projection,  and  thus  indi- 
cate its  position  to  be  on  the  fibula  side  of  the  os  calcis,  below  the  tip 
of  the  external  malleolus. 
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Rifle — Plate  74. 

lower  extremity. 
Gunshot  Wound  of  the  Heel. 

This  is  the  same  case  as  shown  in  phite  GO,  but  with  the  shadow 
projected  from  above  downward  instead  of  from  side  to  side,  as  in  the 
preceding  phite.  The  interpretation  of  the  shadows  in  the  preceding 
phite  is  thus  confirmed. 

As  the  heel  hay  on  the  phite,  the  projectik'  at  a  sharp  angk*  with 
the  plane  of  the  plate,  several  inches  farther  from  the  jihite  than  in 
the  preceding  radiograph,  and  with  the  line  of  projection  at  al)()Ut 
right  angles  to  the  long  axis  of  the  projectile,  the  shadow  projection 
is  considerably  enlarged. 
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SlIHAPNKI. Pl.AIi:   7 


HEAD. 

Gunshot  Fracture  of  the  Vertex,  with  Intracranial  Lodgment  of  the  Missile. 

Wound  of  entrance,  left  anterior  i)arietal  region. 

Wound  of  exit,  none. 

The  missile  left  a  few  small  fragments  spattered  cm  the  bone  at 
point  of  entrance,  with  a  slight  deformation  of  the  l)idl  due  to  this 
cause,  as  shown  in  the  plate. 

The  distinct  outline  and  normal  size  of  the  ball  shows  it  to  be  very 
near  the  plate  and  on  the  left  side  of  the  head,  while  the  enlarged 
and  blurred  image  of  the  safety  pin  shows  its  position  to  l)e  on  the 
side  of  the  head  farther  away  from  the  jilate. 

Emergency  treatment  is  antiseptic  dressing  only.  Subsequent 
treatment  is  directed  to  fragments  and  depression,  without  search 
for  ball.     Septic  condition  might  indicate  some  later  interference. 

Results  in  such  cases  are  favorable  if  wound  is  not  infected. 
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Plate  76. 
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SlIKAI'NKL — Pl.\'i  i;    70. 


HEAD. 


Gunshot  Fracture  of  the  Vertex. 


Wound  of  entrance,  upper  right  and  inid-pmictid  rec^ion. 

Wound  of  exit,  none. 

The  missile  probahly  was  deformed  l)ef()i-e  strikin<r  the  skull,  upon 
which  it  Avas  fra«:mented  by  impact,  with  several  frairiuents  follow- 
in<?  the  internal  contour  of  the  vertex  and  others  remainin«:  spattered 
about  the  wound  of  entrance. 

It  is  probable  that  a  larger  mass  of  the  shrapnel  ball,  causing  the 
greater  dauiage  to  the  bone,  ricocheted  out  of  the  wound. 

The  distinct  outline  of  the  central  safety  i)in  and  the  less  detinite 
inuige  of  the  shrapnel  fragments  show  the  wound  to  have  been 
farther  from  the  plate  than  the  safety  pin  on  the  left  side. 

The  treatment  is  expectant,  without  search  for  the  uiissilc. 

Results  in  such  cases  are  favorable,  except  for  dangei-  of  infection. 
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Plate  77. 
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Shkapn kl — Pla IE  77. 


HEAD. 

Gunshot  Fracture  of  Zygoma,  with  Lodgment  of  the  Missile  in  the  Zygomatic 

Fossa. 

Wound  of  entrance,  external  border  of  ri<rlit  -iipra-orbital  rid^^e. 

Wound  of  exit,  none. 

A  few  metallic  fra<>inents  are  seen  Avliere  the  missile  l()d<red  near  the 
point  of  impact  with  the  bone. 

'llie  treatment  is  ex})ectant.  Ivemoval  of  the  ball  from  its  sii[)er- 
ficial  location  is  indicated  if  the  wound  is  infected. 

Result  in  such  cases  is  favorable. 


Plate  78. 


lllG 


Shrapnel — Plate  78. 


HEAD. 

Gunshot  Fracture  of  the  Mastoid  Process. 

Wound  of  entrance,  upper  posterior  cheek,  in  front  of  the  ear. 

Wound  of  exit,  posterior  to  mastoid  process,  hicerated. 

The  course  of  the  missile  Avas  tangential,  with  the  damage  limited 
to  the  outer  table  of  the  mastoid.  The  metal  particles  scraped  otT 
of  the  hall  b}^  its  contact  with  the  bone  mark  the  site  of  the  wuund. 

Treatment  is  expectant. 

Eesults  are  favorable. 
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Plate  79. 
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SlIKAPNEL — T*L\'l  i:  71). 


HEAD. 

Gunshot  Fracture  of  the  Left  ^laxilla,  with  Lodgment  of  the  Alissile  in  the 
Neck  Behind  the  Angle  of  the  Jaw. 

Wound  of  entrance,  below  infraorbital  ridge,  with  course  througli 
the  month. 

Wound  of  exit,  none. 

Missile  left  a  few  small  metallic  fragments  spattered  on  the  iione 
at  the  point  of  entrance.  There  is  slight  mark  of  deformity  of  the 
missile  caused  by  its  contact  with  the  bone,  shown  in  its  shadow  in 
I  lie  plate. 

The  distinct  outline  and  normal  size  of  the  ball  shows  it  to  have 
been  on  the  side  next  to  and  near  the  plate. 

Treatment  indicated  is  expectant. 

Kesults  in  such  cases  ure  favorable,  as  seat  of  })r()bable  infection 
is  readily  accessible. 

In  this  particular  case,  recovery  followed  with  the  ball  left  in  sifn, 
Avithout  causing  the  patient  trouble  enough  to  induce  him  to  permit 
interference. 
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Plate  80. 
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Shrapnel — Plaik  80. 


HEAD. 

Gunshot  Fracture  of  the  Anterior  Table  of  the  Frontal  Sinus,  with  Lodgment 
of  the  Missile  in  the  Posterior  Nares. 

Wound  of  entrance,  over  the  left  internal  super  supra-orbital  ridge, 
with  course  downward,  slightly  backward,  and  slightly  to  the  left 
])osterior  nares. 

AVound  of  exit,  none. 

The  distinct  outline  and  practically  normal  size  of  ball  shows 
that  the  patient's  face  was  superimposed  on  the  photographic  plate, 
as  the  anterior  location  of  the  missile  was  suspected.  The  slight  de- 
formity of  the  l)all  is  due  to  the  impact  with  the  bone.  This  personal 
case  was  received  from  the  service  of  Prof.  De  Page,  of  the  Belgian 
Red  Cross  Mission,  at  Josh  Keshla  Hospital,  Constantinople,  after 
an  operation  for  infecti(ms  of  the  frontal  sinus,  in  which  the  anterior 
table  was  entirely  removed,  with  free  drainage  into  the  jiosterior 
nares,  before  the  radiograph  was  made  or  the  exact  location  of  the 
ball  suspected.  The  missile  is  seen  in  the  nares — very  near  the  face — 
probably  in  the  middle  meatus,  in  the  inferior  turbinates,  against 
the  septum,  deviated  by  its  lodgment. 

Convalescence  was  finally  established  and  the  frontal-sinus  wound 
practically  closed  when,  Avithout  any  subjective  symptoms,  an  ol>- 
structi(m  was  objectively  determined  in  the  left  posterior  nares. 
suggesting  the  radiograph. 

The  patient  was  so  entirely  free  from  any  symptoms  of  the  lodged 
missile  that  he  wisely  refused  any  meddlesome  interference,  lie  was 
discharged  with  sinus  wound  closed  very  remarkably  without  indica- 
tion for  plastic  operation  and  with  no  symptoms. 
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Plate  81. 
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Shrapnel — Plate  81. 


HEAD. 

Gunshot  Fracture  of  Anterior  Table  of  the  Parietal  Bone  and  the  Vomer,  with 
the  Lodgment  of  the  Missile  in  the  Posterior  Nares. 

This  plate  is  a  side  view  of  the  case  in  i)late  Xo.  Si,  showiiiir  the 
antero-postei'ior  location  of  the  ball. 

The  indefinite  outline  and  enlarged  size  of  the  ball  shows  the  ball 
to  have  been  farther  away  from  the  plate  than  in  plate  80. 
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Plate  82. 
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Shrapnfx — Plate  82. 


UPPER   EXTREMITY, 


Gunshot  Wound  of  the  Shoulder,  with  Lodgment  of  the  Missile. 

The  course  of  the  missile  was  transverse  from  the  jxjsterior  surface 
of  the  greater  tuberosity  of  the  humerus  to  the  internal  border  of  the 
scapula,  distributing  small  metallic  fragments  along  its  patii. 

There  is  no  injury  to  the  bone.  The  remnant  of  the  ball  has  passed 
behind  the  scapula  and  lies  near  its  superior  angle. 

The  treatment  in  such  cases  is,  of  course,  conservative,  with  n<> 
serious  consequences  expected  from  infection. 
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Plate  83. 
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Shrapnel — Plate  83. 

upper  extremity. 
Gunshot  Wound  of  the  Shoulder,  with  Lodgment  of  the  Missile. 

The  course  of  the  ball  was  transverse  through  the  posterior  border 
of  the  deltoid  muscle  without  contact  with  the  bone,  which  wouhl 
have  been  revealed  by  small  particles  of  lead  scraped  otf  from  the 
ball. 

The  actual  size,  normal  outline,  and  great  density  of  the  shadow 
of  the  ball  show  that  it  lay  next  to  the  plate  and  that  it  is,  there- 
fore, lodged  posterior  and  mesial  to  the  glenoid  portion  of  the 
scapula. 

The  treatment  is  noninterference  unless  remoxal  l)e  indicated  by 
pain,  impairment  of  function,  or  infection. 

The  results  should  always  be  good. 
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Plate  84. 


Shrapnel — Plate  84. 


UPPER   EXTREMITY. 


Gunshot  Wound  of  the  Shoulder,  with  Lodgment  of  the  Missile. 

The  course  of  the  bullet  was  from  before  backward  and  upward 
through  the  deltoid  to  the  anterior  surface  of  the  head  (jf  the 
humerus. 

The  missile  is  not  the  conventional  shrapnel  ball,  which  is 
spherical  and  about  one-half  inch  in  diameter,  for  the  shadow  shows 
a  larger  axis  in  one  direction  with  parallel  sides,  too  symmetrical 
to  be  attributed  to  deformation.  The  ballistic  conditions  are  those 
of  shrapnel. 

The  missile  struck  the  bone  an  inch  or  two  below  the  point  of 
lodgment.     Its  path  is  shown  by  particles  of  metal. 

Pain  or  interference  Avith  function  would  be  cause  for  interference 
in  subsequent  treatment,  which  otherwise  would  be  expectant. 
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Plate  85. 
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Shrapnkl — Plate  85. 


UPPER   EXTREMITY. 


Gunshot  Wound  of  the  Shoulder,  with  Lodgment  of  the  Missile. 

The  missile  lies  behind  the  head  of  tlie  humerus,  under  conditions 
similar  to  the  cases  shown  in  plates  85  and  86. 

The  position  of  the  ball  is  indicated  by  the  outline  and  depth 
of  shadow  of  the  normal  size  of  a  shrapnel  ball.  The  ball  must 
therefore  be  very  near  the  plate  and  behind  the  head  of  the  humerus. 

There  is  no  injury  to  the  bone.  The  sliirht  deformity  of  the  ball 
was  caused  by  ricochet  before  it  caused  the  wound,  as  no  particles 
of  lead  are  seen  on  the  bone  to  account  for  the  impact  of  the  missile. 
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Plate  86. 
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',  Shrapnel — Plate  86. 


I  UPPER   EXTREMITY. 

,  Gunshot  Fracture  of  the  Clavicle. 

I  The  ball  ranged  from  before  backward  and  upward,  comminuting 

the  outer  half  of  the  clavicle. 
f  The  fragments  have  been  removed.    The  particles  of  metal  which 

j  mark  the  path  of  the  ball  lie  in  front  of  the  acromion  process  of  the 
I  scapula,  because  lack  of  density  and  indistinct  outline  of  the  shadows 
j       show  them  to  be  farther  from  the  photograj^hic  plate  than  the  spine 

of  the  scapula  which  rested  on  the  plate,  escaping  the   innninent 

danger  of  wounding  the  subclavian  vessels. 
The  treatment  is  conservative  and  results  are  favorable. 
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Plate  87. 
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Shrapnel — Plate  87. 

upper  extremity. 
Gunshot  Fracture  of  the  Humerus. 

The  missile  struck  the  bone  and  cuused  a  long.  si)Iittinir  fracture, 
with  some  fragmentation  of  the  proximal  fragment. 

The  wound  could  have  been  caused  b}-  either  a  ricocheted  ritle 
bullet  or  by  a  deformed  shrapnel  ball,  either  projectile  l)eing  the 
low  velocity  of  long  range.  These  conditions  are  more  common  to 
shrapnel  wounds,  but  the  appearance  of  the  larger  metal  frairment 
leads  to  the  suspicion  that  it  is  a  piece  of  the  jacket  of  a  ritle  bullet. 

The  wound  was  not  infected,  and  convalescence  is  well  ad\anced, 
as  is  indicated  by  the  callous  formation. 
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Plate  88. 
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SiiRA rxFj. — Plate  88. 

UPPER   EXTREMITY. 

Gunshot  Fracture  of  the  Humerus,  with  Lodgment  of  the  Missile. 

The  missile  struck  the  shaft  of  the  humerus  from  an  anterior  and 
external  direction  and  caused  a  long  diagonal  splitting  fracture  with 
I  fragmentation,  in  which  the  bone  absorbed  all  of  the  energy  of  the 
missile  at  the  seat  of  fracture.  The  missile  lies  in  the  anterior  sur- 
face of  the  humerus,  in  two  fragments;  the  smaller,  much  h'ss  dis- 
tinct, is  seen  about  an  inch  above  the  larger. 

The  wound  is  not  infected,  and  convalescence  is  well  estal)lished, 
as  is  indicated  by  the  callous  formation,  with  overlapping  of  the 
f       fragments. 

The  treatment  in  such  cases  is  conservative  and  the  results  are 
favorable. 
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Plate  89. 
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Shrapnel — Plate  89. 

upper  extremity. 
Gunshot  Fracture  of  the  Humerus. 

The  course  of  the  missile  was  from  behind  forward  and  outward, 
striking  the  bone  on  the  posterior  surface,  causing  a  fracture  \\  iili 
fragmentation,  and  hicerating  the  wound  of  exit  with  fragments 
of  bones  and  with  its  own  deformation. 

The  wound  of  exit  is  indicated  in  the  phite. 

The  wound  is  infected. 

Fragments  of  the  missile  lie  on  the  ])osterior  surface  of  the  bone, 
as  indicated  by  their  dense  shadow  nnd  distinct  outline.  The  treat- 
ment in  such  cases  is  conservative  and  the  results  are  favorable. 
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Plate  90. 
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SlIKAI'NKL l*r.ATE   90. 


UPPER   EXTREMITY. 

Gunshot  Fracture  of  the  Left  Humerus. 

The  course  of  the  missile  was  transverse  from  witliout  inward, 
with  a  transverse  fracture  and  fragmentation. 

This  wound  might  have  been  caused  by  either  a  shrapnel  l)all  or 
a  deformed  rifle  bullet,  but  the  distribution  of  the  metallic  fragments 
rather  indicate  the  course  of  a  shrapnel  ball. 

The  metallic  fragments  lie  farther  from  the  plate  than  the  safety 
pin  of  the  dressing,  which,  therefore,  lies  behind  the  Ijone  and  the 
fragments  of  the  missile  lie  in  front. 

The  treatment  in  such  cases  is  conservative  and  the  results  are 
favorable.  The  subsequent  course  may  indicate  intei-ference  for 
mal-union. 
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Plate  91. 
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Shrapnei^ — Plati:  91. 

upper  extremity. 
Gunshot  Fracture  of  the  Left  Humerus. 

The  course  of  the  missile  has  been  from  without  inward.  The 
fragments  of  metal  marking  the  path  of  the  missile  lie  farther  from 
the  plate  on  the  outer  than  on  the  inner  side.  This  Avould  indicate 
the  former  to  be  in  front  of  the  bone  and  the  hitter  to  be  behind. 
The  wound  could  have  been  caused  by  either  a  deformed  rifle  l)idlet 
or  by  a  shrapnel  ball,  but  the  distribution  of  metallic  fragments 
along  the  track  of  the  missile  rather  indicates  the  agent  to  have  been 
a  shrapnel  ball. 

The  case  is  similar  in  course  and  results  to  that  show  n  in  the  pre- 
ceding plate  00. 
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Plate  92. 
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SlIRAPNKL — Pr.ATK  02. 
UPPER   EXTREMITY. 

Gunshot  Fracture  of  the  Right  Humerus,  with  Lodgment  of  the  Missile. 

The  missiles,  shrapnel  balls  deformed  hv  ricochet,  were  multiple, 
with  a  course  from  without  inward  and  diagonally  downward.  The 
streaks  of  metal  particles  along  the  seat  of  fracture  indicates  the 
path  of  a  shrapnel  ball  or  fragment  from  the  point  of  impact  to  the 
lower  fragment  of  the  fracture,  where  several  deformed  shrapnel 
fragments  are  lodged.     ^lultiple  wounds  by  shrapnel  are  common. 

The  wounds  of  entrance  were  small.  There  was  no  wound  of 
exit.  The  wound  was  not  infected.  This  is  another  evidence  that 
does  not  defend  the  inference  that  ricocheted  missiles  are  prone  to 
introduce  elements  of  infection  into  a  wound. 

The  plaster  dressing  does  not  seem  to  meet  the  indications  for 
suppoi't  of  the  fracture. 

The  treatment  is  conservatixe  in  such  cases. 

Ivesults  are  favorable. 
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SlIKAPN  KL  —  T^I.ATi:  91^. 


UPPER   EXTREMITY. 

Gunshot  Fracture  of  the  Right  Humerus. 

The  course  of  the  missile  was  tiansverse,  from  without  inward 
and  downward,  striking  the  shaft  of  the  bone  squarely  and  pro- 
ducing a  characteristic  "butterfly"  fracture,  with  a  separation  of 
the  fragments. 

The  exposure  was  made  with  the  ulnar  side  of  the  arm  next  to  the 
plate,  indicated  by  the  clear  outline  of  the  internal  condyle  and  the 
(;lecranon. 

The  nearly  noi-mal  size  of  the  shadow  of  the  shrapnel  l»all  shows 
it  to  be  near  the  plate,  and  therefore  to  lie  on  the  inside  of  the 
humerus.  The  irregular  outline  of  the  ball  and  the  metallic  frag- 
ments spattered  about  indicate  that  the  ball  was  deformed  l)y  the 
detachment  of  fragments  on  direct  im])act  with  the  bone.  The 
wound  is  not  infected. 

The  treatment  is  conservative  in  such  cases  and  tlie  results  are 
good. 
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Plate  94. 
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SiiiJAi'xi:i. —  Plaii:  1)4. 

UPPER    EXTREMITY. 

Gunshot  Fracture  of  the  Right  Humerus. 

The  course  of  the  missile  was  from  behind  forward,  causing  a 
transverse  fracture  of  the  humerus  with  some  fragmentation. 

The  wound  is  in  a  state  of  established  convalescence,  with  consider- 
able separation  of  the  ends  of  the  large  fragments  and  without  in- 
fection, shown  by  the  formation  of  callus  and  by  an  attempt  at  union 
in  faulty  position. 

The  trail  of  the  metallic  fragments  of  the  missile  from  behind  for- 
ward and  their  location  near  the  anterior  surface  of  the  arm  indi- 
cate the  course  of  the  missile,  either  a  rifle  bullet  or  a  shrapnel  ball — 
most  probably  the  latter,  as  the  lead  core  of  the  rifle  ball,  protected 
by  the  jacket,  does  not  break  up  into  as  many  small  particles  as  does 
the  shrapnel  ball.  The  missile  was  deformed  by  ricochet  before 
striking  the  bone. 

The  early  treatment  in  such  cases  is  conservative,  although  the 
subse(iuent  course  may  indicate  interference  for  malposition.  The 
results  are  favorable. 
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SlIKAPN  KI. 1*I.A']  K    0.*). 


UPPER   EXTREMITY. 


Gunshot  Wound  of  the  Humerus,  with  Lodgment  of  the  Missile. 

The  course  of  the  missile  was  from  before  backward.  The  missile 
consisted  of  two  hirge  fragments  of  a  ricliocheted  -hrapnel  ball, 
almost  spent  in  energy  before  striking  the  arm,  as  its  ]:)enetration  was 
just  enough  to  pass  through  the  soft  parts  and  strike  the  humerus, 
causing  a  fissure  without  separation  of  fragments.  The  wound  was 
clean. 

The  treatment  in  such  cases  is  naturally  conserx  ati\e. 

I  Tlie  epiphysis  of  the  olecranon  being  so  distinct  and  showing  no 
fusion,  indicates  the  youth  of  this  soldier,  whose  age  couhl  not  have 
been  more  than  IG  years.] 
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Plate  96. 
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KiiXE— 1'lati:  1)0. 


UPPER   EXTREMITY. 


(a)  Gunshot   Fracture  of  the  Left  Humerus — (b)   Gunshot   Fracture  of  the 

Left  Elbow. 

The  missile  was  a  rifle  bullet  with  the  reduced  xelocity  of  lon^r 
range,  passing  transversely  along  the  articulations  of  the  elbow,  frag- 
menting the  radius  and  ulna  and  Assuring  the  humerus  through  both 
condyles. 

The  emergency  treatment  is  antiseptic  dressing  and  immobiliza- 
tion, with  prompt  transportation  to  the  base. 

Subse(]uent  treatment  is  conser\ntive.  with  proper  immobilization. 

Ivesults  as  to  limb  are  favorable,  with  t)robable  lo.ss  of  function  ot 
the  elbow. 
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Plate  97. 
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SiiHAPNEL — Plati:  97 


UPPER   EXTREMITY. 

Gunshot  Wound  of  the  Right  Elbow. 

The  course  of  the  missile  Avas  superficial,  downward  and  outward 
from  above  the  internal  condyle  of  the  right  humerus  to  the  wound 
of  exit  over  the  internal  border  of  the  ulna.  ^letal  frairnuMits  of 
the  missile  have  lodged  against  the  tip  of  the  olecranum,  with  no 
fracture  and  with  no  damage  to  the  joint.  The  low  \elocity  of  the 
missile,  producing  so  slight  a  bone  injury  and  the  track  of  \viui 
particles  along  the  line  of  contact  Avith  the  bones  determines  it  to 
have  been  a  shrapnel  ball. 

The  wound  was  not  infected. 

The  treatment  in  such  cases  is  naturally  conservatixc  and  the 
results  are  very  favorable. 
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Plate  98. 
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SiiiJArNKL — Plate  98. 


UPPER   EXTREMITY. 


Gunshot  Fracture  of  the  Right  Elbow,  with  Lodjjment  of  the  .Missile. 


The  course  of  the  ball  was  from  befoie  backward,  striking  the 
lower  end  of  the  humerus  s(iuarely  above  and  internal  to  the  e.\- 
t^rnal  condyle  and  splitting  off  the  condyles  with  a  line  of  fracture 
e.xtending  through  the  capitellum.  without  nnich  scpaiation  of  the 
fragment. 

As  the  impact  was  direct,  the  energy  produting  such  etl'ect  was 
that  of  low  velocity. 

The  great  radiographic  penetration  shown  in  this  j)late  gives 
the  shadows  of  the  ball  great  distinctness  and  detinitc  outline, 
especially  in  the  line  of  fracture,  although  its  opposite  border  is  not 
in  such  sharp  contrast.  This  apj^earance,  together  with  the  very 
slight  enlargement,  leads  to  the  suspicicm  that  the  ball  lies  pos- 
teriorly, but  a  larger  metal  fragment,  below  the  ball,  is  less  clear 
and  suggests  a  position  anterior  to  the  bone.  With  the  po.^^terior 
surface  of  the  arm  next  to  the  plate  and  with  but  little  difference  in 
the  distance  fnmi  the  plate  to  either  the  anterior  or  posterior  sur- 
face of  the  bone,  it  is  not  easy  to  determine  the  location  of  the  l)all 
in  the  anteroposterior  direction,  but  it  would  seem  to  l>e  on  the 
anterior  sui-face  of  the  bone. 

The  wound  is  not  infected.  The  treatment  is  conservative  and 
results  favorable. 

The  subsequent  course  would  pi'obably  indicate  the  remo\al  of  a 
foreign  body  from  a  site  so  near  the  joint. 


JOT 


Plate  99. 
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SlIRAPXEL Pr.ATK  00. 


UPPER   EXTREMITY. 


Gunshot  Fracture  of  the  Right  Elbow,  with  Lodgment  of  the  Missile. 

Slime  wound  as  in  plate  98. 

The  sharp  border  of  the  greater  sigmoid  cavity  and  the  head  of 
the  radius  fully  obscured  by  the  coracoid  process  indicate,  that  in 
ihis  exposure,  the  ulnar  side  of  the  arm  was  next  to  the  plate. 

AVith  this  condition  and  the  enlarged  shadow  of  the  l)all,  the  latter 
must  lie  a  little  distance  away  from  the  plate,  and,  actually,  on  the 
radial  side  of  the  humerus. 

The  position  of  the  ball  in  the  anteroposterior  line  is  manifest, 
and  its  position  confirms  the  deductions  made  therefrom  in  the  i)re- 
ceding  plate  (08). 
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Plate  100. 


Shrapnkl — Pi. mi;  100. 


UPPER   EXTREMITY. 

Gunshot  Fracture  of  the  Elbow. 

The  primary  condition  of  this  wound  is  not  nianiiVst  from  the  ap- 
])earance  of  the  plate,  which  reveals  only  a  destruction  of  the  joint  by 
fracture  and  an  advanced  stage  of  infection,  involving  the  fragments 
and  lower  end  of  the  shaft  of  the  humerus,  as  indicated  l)v  the  rare- 
faction of  these  parts. 

Several  fragments  of  the  missile  are  in  evidence;  it  is  probable  that 
others  have  escaped  with  drainage. 

Drainage  tubes  are  seen  in  the  lower  arm  and  ui)i>er  forearm.  The 
primary  conservative  treatment  has  been  continued  through  two  or 
three  months. 

The  case  is  from  Oulhane  Military  Hospital,  where  the  scientific 
character  of  surgical  service  already  referred  to  must  lead  to  the  in- 
ference that  all  the  surgical  indications  have  l)e(»n  met  in  the  man- 
agement of  the  case. 
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Plate  101. 


SlIKAPNEL PlaTI:  101. 

UPPER   EXTREMITY. 

Gunshot  Fracture  of  the  Left  Radius  and  Ulna,  with  Lodgment  of  the  Missile. 

The  course  of  the  missile  Avas  from  within  outward.  striUiiifr  the 
ulna  a  glancing  blow  just  above  the  styloid  process,  fracturing  the 
anterior  surface,  and  then  striking  the  internal  border  of  the  radius 
and  causing  a  slight  notching  fracture  with  a  longitudinal  fissure. 

The  forearm  lies  in  supination,  with  its  posterior  surface  next  to 
the  ]:)late.  As  the  outline  of  the  missile,  as  Avell  as  of  the  bone,  is 
blurred,  there  is  not  enough  differentiation  in  the  shadows  to  indicate 
the  anterior  or  posterior  location  of  the  missile  with  reference  to  the 
radius. 

The  shrapnel  ball  struck  the  bone  Avith  low-  velocity,  as  all  of  its 
remaining  energy,  absorbed  by  the  two  small  bones,  caused  littU' 
damage  and  practically  no  displacement  of  fragments.  The  wound 
w^as  not  infected. 

The  treatment  in  such  cases  is.  of  couise.  conserx  ati\e. 


Results  are  uniformly  good. 
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Plate  102. 
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SiiKAPXEi. — Pla'ii:   loi. 

UPPER  EXTREMITY. 

Gunshot  Fracture  of  the  Right  Radius. 

A  fragmented  shrapnel  ball,  coursing  from  without  inwunl. 
struck  the  upper  third  of  the  shaft  of  the  radius  and  caused  a  green- 
stick  fracture.  A  fragment  of  the  ball,  larger  than  those  seen  in  the 
plate,  inflicted  the  greater  danuige  and  escaped  through  the  wound 
of  exit,  to  be  seen  below  the  large  fragment  on  the  left  of  the  plate. 

The  olecranon  process  of  the  right  ulna  rests  on  the  photographic 
plate,  with  the  forearm  in  semipronation,  so  that  the  shadow  of  the 
ladius  falls  nearly  in  line  with  that  of  the  ulna.  With  the  forearm 
restored  to  the  anatomical  position,  the  spattered  metallic  fragments, 
now  seen  lying  over  and  to  the  left  of  the  radius,  would  then  be  shown 
lying  on  the  outer  border  of  and  posterior  to  the  radius,  excei)t  for 
the  upper  right  metallic  fragment,  now  lying  over  the  ulna,  which 
would  be  seen  lying  over  the  anterior  surface  of  the  radius.  Tlie 
six  pellets  seen  in  the  lower  forearm  have  not  contributed  to  the  in- 
jury of  the  bone.  Their  density  and  indefinite  outline  indicate  a 
position  in  the  forearm  opposite  to  the  side  next  to  the  plate.  With 
the  forearm  in  supination  they  would  apiHMir  in  their  real  position, 
in  front  of  the  ulna  and  on  the  outside  of  the  radius. 
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Plate  103. 
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SiIKAI*.M:I. l^LATK    KKl 

UPPER   EXTREMITY. 

Gunshot  Fracture  of  the  Ri^ht  Kadius. 

The  missile  in  its  course  from  behind  forward  and  from  above 
downward  left  a  trail  of  its  metal  particles  along  the  line  of  its  first 
contact  until  the  bone  yielded  to  the  pressure  in  a  transverse  fracture. 

The  arm  lies  in  slight  pronation  with  the  longitudinal  ridges  of  the 
dorsal  surface  of  the  ulna,  shown  distinctly  next  to  the  photographic 
plate.  The  upper  end  of  the  loAver  radial  fragment,  shown  as  over- 
lying the  ulna,  is  inclined  forward  in  the  anatomical  position.  The 
metal  particles  are  on  the  outer  and  posterior  border  of  the  radiu>. 

The  treatment  in  such  cases  is  conservative. 

Results  as  to  function  are  uncertain. 
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Plate  104. 
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Shrapnel — Platk  104. 

upper  extremity. 

Gunshot  Fracture  of  the  I'lna. 

The  course  of  the  missile  ^vas  tangential  along  side  of  the  upper 
end  of  the  ulna  and  internal  condyle  of  the  humerus,  with  a  si)litting 
effect  on  the  ulna,  Avliich  formed  three  fragments  hy  breaking  otf  the 
olecranon,  and  one  lateral  fragment  from  the  shaft  of  the  hone  with- 
out displacement.  The  line  of  metallic  particles  shows  the  path  of 
the  hall  in  its  slight  contact  with  the  bones,  beginning  on  the  side 
of  the  ulna  and  extending  along  the  side  cd'  the  internal  condyle 
from  where  the  ball  escaped  through  the  skin.  The  wound,  not 
infected,  was  treated  as  simple  fracture.  A  few  fine  lines  on  the 
plate  above  the  fracture  are  due  to  scratches  on  the  negative. 


Kesults  in  such  cases  should  be  good. 
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Plate  105. 
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SlIHAI'NEL PlA'J  i:    l()r>. 


UPPER   EXTREMITY. 

Gunshot  Fracture  of  the  Right  .Metacarpus. 

The  course  of  the  missile  Avtis  from  the  outer  border  of  the  hy- 
pothnear  eminence  diagonally  downward  through  the  ])alm.  lodging 
against  tlie  second  metacarpal  bone  Avith  fracture  of  hist  four  meta- 
carpals. 

The  metal  particles  are  not  seen  on  the  fourth  and  fifth  metacar- 
pals because  the  violence  at  these  points  was  transmitted  througli 
soft  parts,  but  the  projectile  spent  its  remaining  energy  directly 
against  the  second  and  third  metacarpals. 

The  palm  of  the  hand  was  next  to  the  photogra])hic  i)late,  as  indi- 
cated by  the  immediate  contact  of  the  thumb.  The  shallow  of  the 
bones  is  not  dense,  but  in  deep  contrast  with  the  -hadows  of  the  ball 
and  metal  fragments,  which  are  so  clearly  outlined  with  the  ball  of 
normal  size  that  the  ball  is  thus  shown  to  lie  on  the  palmar  side  of 
the  hand. 

The  treatment  is  conserN  ati\  e,  wiili  judicious  interference  when 
opportunity  shall  oHer  for  removal  of  the  missile. 
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Plate  106. 
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Shkapnfj. Pr.ATK  100. 


UPPER   EXTREMITY. 


Gunshot  Fracture  of  the  Left  Metacarpus,  with  Lodgment  of  the  Missile. 

The  palm  of  the  hand  lies  next  to  the  plate.  The  l)all  is  very 
slightly  enlarged  and  the  small  metal  fi'airments  are  indistinct.  in«li- 
catingthat  they  and  the  hall  lie  on  the  l)a(Iv  of  the  hand. 

The  ball  struck  the  third  knuckle  and  hxlged  beneath  the  skin  l)e- 
tween  the  fourth  and  fifth  metacarpals,  fracturing  both  bones  with- 
out displacement  of  fragments.  Tn  the  recent  wound  the  cnndition 
Avould  be  apparent,  but  after  days  of  inflannnatory  reaction  ami  in- 
fection, the  sw^elling  is  too  great  to  make  any  detei-mination  by  j)al- 
paticm. 

The  treatment  is  removal  of  the  missile.  Good  results  regularly 
follow. 
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Plate  107. 
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Shhapnki  -  Pi.a'h:  107 


UPPER    EXTREMITY. 


Gunshot  Fracture  of  the  Left  Metacarpus,  with  Lodgment  of  the  Missile. 


'J'he  hand  lies  with  its  ulnar  sidt;  noxt  to  tlio  plate,  as  is  indioated 
by  the  sharp  outline  of  the  swollen  hypothenar  eminence,  neari'r  the 
plate  than  the  thumb,  with  the  enlarged,  poorly  defined,  and  raretieil 
shadow  of  its  metacarpal  and  phahmges. 

As  the  normal  size  of  the  balls  and  the  clear  outline  of  the  metal 
fragments  must  place  them  almost  in  contact  with  the  plate,  the  l)all 
is  located  near  the  fifth  metacarpal.  As  this  is  the  same  case  as  is 
shown  in  plate  lOG,  the  conclusions  drawn  from  each  j^late  are  con- 
firmed by  the  other. 

The  wound  is  infected,  as  indicated  by  the  swelling  of  the  palm. 

The  treatm(>nt  is  I'cmoNal  of  the  missile,  with  management  of  the 
infection. 
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Plate  108. 


Shrapnel — Platk  108. 

upper  extremity. 
Gunshot  Wound  of  the  Left  Hand,  with  Lodgment  of  the  Missile. 

The  shadow  of  the  hand  is  shown  with  the  pahn  next  to  the  plate, 
as  indicated  by  the  small,  well-defined  outline  of  the  first  metacarpal 
lying  within  the  outline  of  the  larger  and  less-delined  shadow  of  the 
second  metacarpal.  The  third  finger  is  Hexed  at  the  first  phalangeal 
joint,  and  the  end  of  the  second  phalanx  is  outlined  in  deeper  shadow, 
with  its  long  axis  vertical  to  the  plate. 

The  position  raises  the  first  finger  from  the  plate  and  very  slightly 
enlarges  the  size  of  the  shadow  of  the  bullet,  although  it  retains  its 
shnrp  outline.  The  shadow  of  the  ball  being  very  nearly  the  normal 
size,  the  ball  lies  on  the  palmar  side  of  the  third  metacarpo-phalangeal 
joint.  It  entered  the  hand  on  the  outer  border  of  the  base  of  the  first 
finger,  and  left  a  fragment  of  metal  on  its  slight  contact  with  the 
bone.  The  ball  Avas  deformed  bv  ricochet  before  striking  the  hand, 
with  almost  completely  spent  velocity.    The  wound  is  infected. 

The  treatment  is  the  management  of  infection. 


Plate  109. 
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SlIHAI'NKL— T*LATi:    100. 


UPPER   EXTREMITY. 


Multiple  Gunshot  Wounds  of  the  Ri^ht  Hand  and  Forearm,  with  Fracture  of 
the  Metacarpus  and  Phalanf^es  and  Lodgment  of  the  Missile. 

The  hand  lay  with  the  palmar  surface  next  to  the  plait*.  The  dis- 
tinct outline  of  the  small  metal  fragments  and  the  natural  size  of 
the  shadow  of  the  undeformed  shrapnel  hall  show  that  they  lay  on 
the  anterior  side  of  the  metacarpus.  The  arrangements  of  the  metal 
particles  and  bone  fragments  and  the  indication  of  the  point  of  en- 
trance of  one  wound  on  the  outer  border  of  the  metacarpal  of  the 
thumb  indicate  tiie  course  of  the  ])alls  to  have  been  from  the  radial 
to  the  ulna  side  of  the  palm.  The  undeformed  ball,  then,  lies,  most 
probably,  in  front  of  the  second  metacarpal.  The  deformed  l)all 
show^s,  in  its  enlarged  shadow  and  not  so  distinct  in  outline  as  the 
normal  ball,  that  it  is  on  the  dorsal  surface  of  the  third  and  fourth 
metacarpals. 

The  undeformed  ball  caused  the  fracture  of  the  })halanx  and  meta- 
carpal of  the  thumb;  the  deformed  ball  fractured  the  neck  of  the 
third  metacarpal;  a  ball  which  escaped  from  the  wound  and  touched 
the  base  of  the  first  phalanx  of  the  middle  finger  and  fractured  the  first 
phalanx  of  the  little  finger;  and  another  ball,  which  glanced  along 
the  anterior  surface  of  the  lower  end  of  the  shaft  of  the  radius  and 
left  a  deposit  of  metal  to  mark  its  course,  also  escaped  from  the  ulnar 
border  of  the  forearm  at  a  point  indicated  in  the  plate. 

Four  balls  were  concerned  with  this  wound;  two  of  them  have 
lodged  with  some  damage  and  two  others  have  escaped,  after  intlict- 
ing  a  slight  injury.  Multiple  shrapnel  wounds  are  common.  It 
may  be  said  that  the  greater  the  number  of  balls  lodged  in  a  given 
:irea  the  less  the  distance  of  the  plane  fioni  ihe  :\\)v\  of  the  cone  of 
dispersion  of  a  shrapnel  discliarge. 

Several  shrapnel  balls,  lodged  in  a  small  area  witliout  causing 
much  damage  or  exhibiting  much  power  of  penetration,  indicate  low 
velocity  at  close  range  of  shrajmel  balls  on  discharge  from  the  shrap- 
nel envelope. 

In  a  personal  case,  eight  shrai)ncl  biills  were  i-ciii()\cd  I'lmn  :i  dnv- 
arm. 
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Plate  110. 
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Shrapnel — Plate  110. 


CHEST. 

Gunshot  Wound  of  the  Chest,  with  Lodgment  of  the  Missile  in  the  Lunj;. 

The  posterior  chest  wall  is  next  to  the  plate,  as  the  posterior  rib 
shadows  are  much  more  distinct  and  much  smaller  than  the  sha<]«)\vs 
of  the  anterior  ribs. 

The  shadow  of  the  ball  is  blurred,  which  shows  that  it  moved 
with  respiration  and  is,  therefore,  probal)ly  in  the  lunir.  The 
shadow  is  only  slightly  enlarged  and  is  fairly  dense,  which  indicates 
it  to  be  not  far  from  the  ribs  and,  therefore,  in  the  posterior  portion 
of  the  lung. 

The  treatment  of  such  cases  is  conservative;  infection  is  not  com- 
mon; ha^mothorax  pleurisy,  empyema,  ])neumonia,  and  puhnonary 
abscess  are  most  frecjuent  com})licati()ns,  named  in  the  oi'der  of  fiv- 
quency.  Puhnonary  abscess  is  very  rare.  Pneumonia  was  stn^'ii  in  a 
personal  case. 
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Plate  111. 
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Shrapnp:l — Platk  111. 


CHEST. 


Gunshot  Wound  of  Chest,  with  Lodgment  of  the  Missile  Superficially. 

While  the  missile  is  not  a  shrapnel  ball,  it  i)resents  similar  con- 
ditions and  does  not  need  to  be  separately  classified. 

The  vertebral  border  of  the  scapula  is  distinctly  shown  in  liirht 
shadow,  indicating  its  position  near  the  plate. 

The  outline  of  the  missile  is  so  distinct  and  the  shadow  so  dense 
that  it  must  lie  near  the  plate,  and  is  located  superficially  in  the 
infraspinatus  fossa. 
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Shrapnel — Plaik  11*2. 


CHEST. 

Gunshot  Wound  of  the  Chest,  with  Fractured  Rib  and  Lodgment  of  the  Missile 

in  the  Axilla. 

The  back  of  the  patient  lay  on  the  phite,  as  is  indicated  by  the 
normal  size  of  the  ribs  behind  and  the  exafirgerated  outline  in  front. 

The  ball  struck  the  sixth  rib  behind  and  caused  a  fracture  at  the 
angle.  It  then  continued  its  course  to  the  axilla.  The  noruial  size 
of  the  shadow  of  the  ball  indicates  that  it  lies  superficially  behind  the 
head  of  the  humerus. 

The  wound  of  the  rib  was  infected  superficially,  and  the  secretion 
of  the  womul  carried  away  the  most  of  the  metal  particles  which  the 
ball  in  striking  deposited  on  impact. 
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Shrapnel — Platk  113. 

CHEST. 

Gunshot  Wound  of  the  Chest,  with  Lodgment  of  the  Missile  in  the  Axilla. 

There  is  no  wound  of  the  bone. 

The  ball  lies  in  the  axilla,  behind,  not  (•h)se  t<».  the  plate,  because 
the  density  of  the  shadow  is  not  very  great  nnd  the  size  is  slightly 
enlarged.  The  distance  fioui  the  plate  is  probably  that  of  the  mid- 
axillary  line. 

The  Avound  is  not  infected.  Pain  and  inij^aired  movement  of  i\\v 
arm  suggested  localizati(;n  of  the  missile  and  indicate  removal  in 
the  subsecpient  course  of  treatment. 
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Shrapnel — Plate  114. 


CHEST. 

Gunshot  Wound  of  the  Chest,  with  the  Lodgment  of  the  Missile  in  the  Axilla. 

The  posterior  chest  wall  lay  next  to  the  phite. 

The  almost  normal  size  of  the  shadow  of  the  ball  indicates  that  it 
lies  near  the  plate,  and  the  blurred  outline  shows  that  it  has  moved 
with  the  chest  in  respiration.  The  ball  lies,  therefore,  in  the  pos- 
terior axilhi  near  the  middle  of  the  outer  border  of  the  scapuhi, 
imbedded  in  the  thoracic  muscles. 

The  treatment  is  expectant.  Such  wounds  are  rarely  infecteiL 
Pain  or  impairment  of  function  only  would  indicate  removal  of  the 
missile  from  a  clean  wound. 

239 


Plate  115. 


I 

i 


SiiRAPNELf  — Pla'h:  115. 


PELVIS. 

Gunshot   Fracture  of  the  Crest  of  the   Right   Ilium,   with  Lodgment   of  the 

Missile. 

As  the  wound  was  received  while  the  soldier  was  lyinfj  prone,  the 
course  of  the  missile  in  the  body  was  from  above  downward,  strikin<r 
the  crest  of  the  ilium,  on  which  it  was  fra^rmentcd.  and  ti-ailin^  its 
fragments  as  far  down  as  the  great  trochanter.  The  injury  to  the 
ilium  was  a  crushing  fracture,  Avith  the  displacement  of  smull  frag- 
ments from  the  antero-superior  spine. 

As  the  sacrum  was  next  to  the  photographic  plate,  the  missile, 
judging  from  its  indistinct  shadow,  lies  farther  from  the  plate  and 
in  front  of  the  bone.  The  relative  distinctness  of  the  large  fragment 
seen  on  the  wing  of  the  ilium  indicates  its  probal)le  ]^osition  to  be 
on  the  outside  of  the  ilium. 

The  trail  of  the  smaller  metal  fragments  lies  between  the  :intero- 
superior  spine  and  the  great  trochanter,  anterior  to  the  plane  of  the 
femur. 

The  treatment  in  such  cases  is  always  conser\atiA  e. 
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Shrapnel — Plate  116. 


LOWER   EXTREMITY. 


Gunshot  Wound  of  the  Thigh,  with  Lodgment  of  the  ^lissile. 


With  the  posterior  aspect  of  the  thigh  lying  next  to  the  plate,  the 
very  greatly  enlarged  shadow  of  the  deformed  shrapnel  hall  indi- 
cates that  it  lies  a  relatively  great  distance  from  the  j^late,  so  that 
its  location  can  be  determined  to  l)e  near  the  internal  horder  of  the 
adductor  muscles,  anteriorly,  and  below  the  trans\erse  i)lane  of  the 
lesser  trochanter. 
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SiiRArxEL — Plate  117. 

LOWER   EXTREMITY. 

Gunshot  Wound  of  the  Thigh,  with  Lodgment  of  the  Missile. 

With  the  sacrum  lying  next  to  the  i)hite,  the  nDinial  size,  ek'ar  out- 
line, and  dense  shadow  of  the  shrapnel  hall  indicates  its  ])osition  to 
he  near  the  plate.  The  location  can  he  roughly  estimated  as  the 
superficial  gluteal  region,  external  to  the  ramus  of  the  ischium  and 
near  the  antero-posterior  plane  of  the  upper  border  of  the  acetabular 
cavity. 
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Shrapnel — Plaii:  llS. 

LOWER   EXTREMITY. 

Gunshot  Wound  of  the  Thigh,  with  Lodgment  of  the  ^lissile. 

The  normal  size,  distinct  outline,  and  considerable  density  of  the 
shadow  of  the  shrapnel  hall  show  that  it  lies  very  near  the  plate, 
posterior  to  the  bone  and  in  the  buttocks,  quite  superficially. 

The  treatment  in  such  cases  is  always  conservative.  Pain  or  im- 
pairment of  function  indicate  removal  after  convalescence. 
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Plate  119. 
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SiiHArNKi. —  Platk  119, 

LOWER   EXTREMITY. 

Gunshot  Fracture  of  the  Femur,  with  Lodgment  of  the  Missile. 

The  direct  sul)trochanteric  impact  disintegrated  the  missile  and 
delivered  all  of  its  energy  to  the  bone,  with  a  resulting  transvei*sc* 
fracture  of  the  upper  end  of  the  shaft  of  the  femur  and  loniritudinal 
fragmentation  of  the  shaft.  The  course  of  the  shrapnel  l)all  was 
from  behind  forward  and  from  al)Ove  downward,  as  is  shown  by  the 
track  of  the  metal  fragments  and  the  lodgment  of  a  larger  lead  frag- 
ment on  the  shaft  below^  the  seat  of  fracture.  The  uppermost  large 
lead  fragment,  as  shown  by  the  depth  of  its  shadow,  lies  farther 
behind  the  l)one  and  nearer  to  the  photogi'a]^hic  j^late  than  do  the 
other  pieces  of  the  ])all,  iis  indicated  by  their  lighter  shadows.  All  of 
the  fragments  seem  to  lie  behind  the  bone. 

The  conservative  treatment  of  this  wound  is  justified  by  the  attempt 
at  repair,  as  indicated  by  the  callus  formation:  but  it  is  manifest, 
from  the  extremely  faulty  position,  that  the  indicati(m  for  immobili- 
zation and  extension  in  strong  abduction  were  not  appreciated. 

Pro])or  management  of  conservative  tiTatinent  in  such  cases  gives 
good  results. 


Plate  120. 
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Shrapnel — Platk  120. 

lower  extremity. 
Gunshot  Fracture  of  the  Femur,  with  Lodgment  of  Multiple  Missiles. 

The  position  of  the  femur  is  in  outward  rotation,  as  shown  by  the 
full  sliadow  of  the  lesser  trochanter  and  the  vanisliini;  of  the  greater 
trochanter  behind  the  shoulder  of  the  neck.  Tlie  two  hirirer  missiles 
lie  on  the  outer  side  of  the  bone  and  the  others  lie  in  front  on  the 
seat  of  fracture.  The  greatly  deformed  shrapnel  balls  and  the  sliirht 
chipping  fracture  of  the  femur  indicate  that  the  gi'eater  portion  <>f 
the  striking  energy  of  the  missiles  was  so  dissipated  in  ricochet  that 
but  little  force  was  left  for  attack  on  the  bone. 

The  ti'eatment  in  such  cases  is  expectant  and  iiulic.itiou  rarelv 
arises  for  search  for  and  remoN'al  of  the  missiles. 
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Plate  121. 


SlIHAI'NKI.     -T^LA'IK    1*21. 
LOWER   EXTREMITY. 

Gunshot  Fracture  of  the  Shaft  of  the  Femur,  with  Lodgment  of  the  Missile. 

The  course  of  the  shrapnel  hall  was  from  within  outward,  strik- 
in<T:  the  femur  with  the  energy  of  high  (shrapnel)  velocity,  with 
fragmentation  of  the  missile  by  impact  on  the  hone.  The  largest 
fragment,  by  the  distinct  outline  of  its  shadow,  lies  clo.se  to  the  plate 
and  behind  the  bone;  a  smaller  metal  fragment  has  been  carried  to 
the  outer  border  of  the  thigh,  where  it  lies  superficially;  another 
fragment  lies  in  the  seat  of  fracture. 

The  position  of  fragments  is  faulty,  as  the  indications  for  exten- 
sion and  abduction  have  not  been  wholly  met,  although  this  is  a  case 
from  the  well-conducted  service  of  (lulhane  Hospital. 

The  treatment  in  such  cases  is  conservative  :ind  the  results  are 
good. 
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Plate  122. 
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SiiHAi'NKL — Plati:   1-22. 

LOWER   EXTREMITY. 

Gunshot  Fracture  of  the  Shaft  of  the  Femur,  with  Lodgment  of  the  Missile. 

The  shrapnel  ball,  in  its  almost  directly  anter()-})osterior  coui*se 
from  behind  forward,  has  delivered  the  ener«ry  of  hijrh  (shrapnel) 
velocity  to  the  bone,  which  had  absorbed  it  all  in  sto})piiiir  the 
missile,  with  a  resulting  approach  to  a  butterfly  fracture  with  dis- 
placement of  fragments. 

The  upper  end  of  the  lower  fragment  lies  nearer  to  the  plate  than 
to  the  lower  end  of  the  upper  fragment,  with  the  deformed  shrapnel 
ball  lying  behind  the  latter,  closer  to  tlu^  i)hite. 

The  treatment  in  such  cases  is  conservative,  with  good  results  to 
follow  except  as  they  may  be  imperiled  by  infection. 


Plate  123. 
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Shkapnei. — Plate  123. 


LOWER   EXTREMITY. 


Gunshot  Fracture  of  the  Femur,  with  Lodgment  of  the  Missile. 


While  the  missile  in  this  case  may  have  been  other  than  a  shiapnel 
ball,  the  fracture  is  one  produced  by  the  impact  of  a  missile  deliver- 
ing great  sti'iking  energy,  with  a  predominant  cross-section  factor 
in  its  composition.  The  fragments  are  due  to  the  aj)plication  of  an 
energy  in  Avhich  the  mass  was  distributed  over  a  relatively  large 
area  on  bone,  which  resulted  in  the  displacement  t)i'  the  large 
fragments. 

The  treatment  in  such  cases  is  conservative. 

Eesults  are  favorable;  infection  is  generally  controlled. 
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SlI  I{A  TN  KL PlATK    124. 


LOWER   EXTREMITY. 


Gunshot  Fracture  of  the  Femur,  with  Lodgment  of  Multiple  .Missiles. 


The  direct  impai't  of  two  shrjipnel  balls,  deliverinc:  all  of  their 
enero^y  to  the  femur,  resulted  in  a  fracture  with  larire  fi'a^ineiits. 

The  exposure  was  made  throu^jh  a  plaster  splint,  aiul  shows  u 
faulty  position  with  progressing  repair. 

The  treatment  in  such  cases  is  conservative,  hut  with  respect  for 
the  indications  to  maintain  proper  position  of  the  fragments. 
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Plate  125. 
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SlIKAPNKL Pl.ATK    125. 

LOWER   EXTREMITY. 

Gunshot  Fracture  of  the  Femur,  with  Lodgment  of  the  Missile. 

The  condition  shown  in  the  phite  is  the  chiiractei-istic  result  of 
direct  impact  of  a  projectile  of  low  velocity  and  jri'eat  sectional  urea 
in  which  all  of  the  energy  is  delivered  to  the  bone  against  which  it 
lodges. 

The  distinct  outline  and  dense  shadow  of  the  deformed  missile  in- 
dicates its  position  to  be  behind  the  bone. 

The  callus  formati(m  indicates  the  favorable  progi-ess  of  repair, 
but  with  the  fragments  in  faulty  position. 

The  treatment  iu  sucli  cases  is  conservatixe,  witli  propei-  i-esjHvt 
to  the  principles  of  maintenance  of  normal  relation  of  the  fragments. 


Plate  126. 
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Shrapnel — Plate  120. 

lower  extremity. 
Gunshot  Fracture  of  the  Femur,  with  Lodgment  of  the  Mis.sile. 

The  course  of  the  shrapnel  ball  was  antero-po.steiior,  with  an  im- 
pact on  the  shaft  of  the  femur,  which  fragmented  both  the  ball  and 
bone  through  the  imparting  or  the  entire  striking  energy  of  the  ball  to 
the  bone  by  the  lodgment  of  the  ball.  The  sharp  outline  and  density 
of  the  shadows  of  the  missile,  in  contrast  with  the  dense  shadows  of 
the  bone,  indicate  that  the  missile  lies  closer  to  the  })late  than  does 
the  bone,  although  the  flattened  ball  does  not  permit  a  comparison 
between  its  shadow  and  the  normal  size  of  the  ball. 

The  advanced  stage  of  convalescence  is  shown  by  the  formation 
of  callus. 

The  treatment  in  such  cases  is  conservative  and  the  results  are 
good  if  proper  position  can  be  maintained. 
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Plate  127. 
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Shrapnel — Plate  127. 

lower  extremity. 
Gunshot  Fracture  of  the  Shaft  of  the  Femur. 

The  impact  of  the  missile  was  delivered  Avith  the  enerory  of  high 
(shrapnel)  velocity  at  close  range,  as  is  indicated  l)y  the  signs  of 
another  shrapnel  wound,  just  above  the  outer  tuberosity  (in  the 
lower  left  corner  of  the  plate),  where  a  deposit  of  metallic  particle 
is  evidenced. 

The  fragmentation  of  the  missile,  through  its  contact  with  the  bone, 
indicates  the  great  striking  force  of  a  missile  which  ricocheted 
from  the  bone.  The  general  distribution  of  metallic  particles 
through  a  wound  of  this  class  indicates  certainly  that  the  missile 
was  unjacketed,  and  the  destructive  forces  show^  that  its  sectional 
area  was  relatively  larger,  i.  e.,  a  shrapnel  ball. 

The  hard  metal  jacket  of  a  rifle  bullet  would  not  give  off  its  par- 
ticles in  contact  with  the  bone  unless  it  were  so  greatly  deformetl  as 
to  have  almost  entirely  lost  its  jacket.  In  this  state  the  energy  of  a 
rifle  ball  must  be  so  greatly  reduced,  through  the  \  iolence  of  rico- 
chet, that  it  w^ould  not  retain  enough  striking  force  to  cause  its  dis- 
integration on  impact  with  the  bone.  Besides,  some  particles  of  the 
jacket  could  be  identified,  as  they  are  always  bent  oi'  twist***!  so 
that  their  character  is  recognized  in  the  shadow. 
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Plate  128. 
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S 1 1  j;a  i'n  i:l — Plate  128. 

LOWER   EXTREMITY. 

Gunshot  Wound  of  the  Left  Knee,  with  Lodgment  of  the  Missile  in  the  Joint. 

The  slight  enlargement  and  moderate  density  of  the  shadow  of  the 
projectile  indicates  a  position  a  short  distance  from  the  plate.  A 
slight  shadow  dependent  from  the  external  cond^de  on  the  outside 
of  the  ball  and  a  metallic  marking  just  outside  of  the  upper  con- 
tour of  the  outer  tuberosity  indicate  an  injury  to  the  joint  and  the 
path  of  the  ball  from  above  the  outer  tuberosity  into  the  joint 
capsule. 

The  probabilities  are  that  the  ball  lies  between  the  head  of  the 
tibia  and  the  patellar  notch  of  the  femur,  but  the  absolute  certainty 
of  this  deduction  must  be  supported  by  an  exposure  in  a  lateral 
plane,  which  is  shown  in  plate  129. 
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SllKAI'NKL 1*LA'J  i:     120. 

LOWER   EXTREMITY. 

Gunshot  Wound  of  the  Left  Knee,  with  Lodgment  of  the  Missile  in  the  Joint. 

As  the  fibular  shadow  is  about  the  normal  size  and  clearly  outlined, 
the  fibular  side  of  the  leg-  lay  next  to  the  plate. 

As  the  shadow  of  the  ball  is  dense  and  not  much  cnlarired,  it  uni^t 
lie  near  the  plate.  A  light  shadow  in  front  of  the  l)all.  which  shows 
the  anterior  crucial  ligament,  and  a  metallic  marking  above  the 
patella,  suggests  the  path  of  the  ball. 

As  this  is  a  lateral  projection  of  the  same  case  that  is  shown  in 
plate  128  in  an  antero-posterior  projection,  these  conclusions  are  thus 
vei'ified. 

The  missile  lies  in  the  joint  capsule  between  the  head  of  the  tibia, 
in  front  of  the  spine,  and  the  patellar  notch  of  the  femui-. 

As  a  foreign  body  in  the  knee  joint  which  seriously  iutei  lVic>  with 
its  function,  removal  is  indicated  when  surgical  facilities  arc  at  hand. 

The  results  in  such  cases  are  usually  good. 
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Plate  130. 
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Shrapnel — Platk  loO. 

LOWER    EXTREMITY. 

Gunshot  Wound  of  the  Left  Knee,  with  Lodgment  of  the  Missile  in  the  Joint. 

The  line  of  projection  of  the  shadow  is  directed  ol)rKiiK'ly  frf)m 
behind,  focussed  on  the  internal  aspect  of  the  knee,  with  the  fibula 
next  to  the  plate.  As  the  shadow  of  the  shrapnel  ball  is  much  en- 
larged and  not  very  dense,  the  ball  must  lie  some  distance  from  the 
plate  and  aw^ay  from  the  fibular  side  of  the  joint.  xVs  the  distances 
through  the  knee  joint  are  about  the  same  in  all  cases  and  as  shrapnel 
balls  are  approximately  the  same  size,  it  is  evident  that  the  ball  lies 
farther  away  from  the  plate  than  it  does  in  plate  1*20,  where  it  is 
about  the  middle  of  a  transverse  line  through  the  joint.  It  must 
lie,  therefore,  superficially  between  the  head  of  the  tibia  and  the 
internal  condyle  of  the  femur. 

Removal  is  indicated  under  favorable  surgical  conditions.  Infec- 
tion of  the  joint  may  occasionally  indicate  drainage  and  reumval 
as  emergency  treatment. 

Results,  except  for  infection,  are  good. 
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Plate  131. 
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Shkapnkl — Plati:  181. 

lower  extremity- 
Gunshot  Wound  of  the  Knee,  with  Lodjjment  of  the  Missile. 

That  the  knee  is  not  fullv  extended  is  shown  bv  the  exajjjjenited 
outline  of  the  tibial  head. 

The  enlarged  and  only  fair  density  of  the  shadow  indicates  tiiat 
the  shrapnel  ball  lies  some  distance  aw^ay  from  the  plate.  As  the 
bone  is  not  injured,  the  missile  must  lie  either  in  front  of  or  behind 
the  femur,  and  its  enlarged  shadow  shows  the  position  to  be  in  front 
of  the  femur,  just  above  the  articular  surface,  and  probably  within 
the  reflection  of  the  capsular  ligament. 

A  comparison  with  the  size  of  the  shadows  of  the  balls  shown  in 
plates  128  and  130  will  show^  this  one  to  be  greater  than  the  former 
and  less  than  the  latter,  and  so  it  must  bear  about  the  same  relation 
in  the  distance  from  the  plate.  This  would  account  for  the  location 
in  front  instead  of  behind  the  femur. 

The  treatment  is  conservative,  and  removal  is  indicated  when  func- 
tion is  disturbed. 
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Plate  132. 
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Shrapnei. — Plate  132. 


LOWER   EXTREMITY. 


Gunshot  Wound  of  the  Knee,  with  Lodgment  of  the  Missile. 


The  fibular  side  of  the  leg  lay  next  to  the  photographic  plate,  as 
shown  by  the  enlarged  fainter  outline  of  the  internal  tuberosity. 

The  shadow  of  the  shrapnel  ball  is  neither  as  normal  in  size  as  that 
of  the  external  condyle  nor  as  exaggerated  as  that  of  the  internal 
condyle,  and  the  position  is  probably  neither  as  close  to  the  plate  as 
the  former  nor  as  far  away  as  the  latter. 

The  missiles  lie  about  the  middle  of  tlie  anterior  surface  of  the 
lower  end  of  the  femur,  above  the  articular  surface. 
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Plate  133. 
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Shrapnei^   -Platk  133. 

lower  extremity. 

Gunshot  Wound  of  the  Right  Knee,  with  Lodgment  of  the  ^lissile. 

The  ball  struck  the  outer  coudyle  just  ;iho\e  the  articular  surface 
Avitli  onl}^  enough  enerjry  to  damage  and  slightly  crack  the  bone.  The 
injury  to  the  bone  and  the  metallic  mark  of  the  impact  can  be  seen 
just  above  the  outer  border  of  the  articular  cartilage  of  the  outer 
condyle. 
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S 1 1 K  APN  E  Ij — Plate  1  ^U  . 

LOWER   EXTREMITY. 

Gunshot  Wound  of  the  Left  Knee,  with  Lodgment  of  the  Missile. 

The  outer  tuberosity  lay  next  to  the  photographic  plate,  witli  the 
knot  in  the  localizing  Avire  on  the  inside  of  the  leg  and  fartliei-  away 
fi-oni  the  plate. 

The  line  of  projection  is  transversely  through  llie  tuberosities. 

The  shadow  of  the  ball,  as  it  is  somewhat  enlarged,  not  sharply 
defined,  and  of  medium  density,  must  lie  about  midway  between  the 
lines  of  the  localizing  wire  or  in  the  po])liteal  space  just  above  and 
between  the  tuberosities,  much  nearer  the  ])opliteal  surface  than  the 
bone.  An  accurate  localization  of  the  ball  in  a  transverse  line,  how- 
ever, would  require  an  exposure  of  another  plate  in  an  antero-pos- 
terior  line,  but  in  this  actual  case  the  localization  of  the  ball  had  to 
be  made  from  this  single  plate,  as  only  one  exposure  was  made. 

The  ball  struck  the  border  of  the  popliteal  space  of  the  femur 
just  above  the  tuberosity,  without  energy  enough  to  cause  a  fracture, 
deform  the  ball,  or  even  to  lea\'e,  as  a  mark  of  contact,  nu^tal  particle-- 
of  the  ball. 
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SlIHAI'NKI.        PlaII      lo."). 


LOWER    EXTRKMITY. 


Gunshot  Wound  of  the  Left  Leg,  with  Lodgment  of  the  Missile. 

The  posterior  surface  of  the  leg  lay  next  to  the  plate,  as  shown  l)y 
the  outline  of  the  head  of  the  fibula,  but  any  estimate  of  distance 
from  the  plate,  based  on  depth  of  the  shadows,  is  of  little  value  be- 
cause there  is  no  contrast  between  localizing-wire  shadows  in  front 
of  and  behind  the  leg. 

The  slightly  enlarged  shadow  of  the  ball  indicates  it  to  be  farther 
from  the  plate  than  it  would  be  if  it  lay  behind  the  fibula.  As  the 
shadows  of  the  metal  fragments  on  the  tibia  are  not  sharj)  enough 
to  indicate  their  position  to  be  near  the  plate,  the  ball  has  lodgiMl 
anteriorly  between  the  tibia  and  fibida  after  ricocheting  from  the 
anterior  surface  of  the  tibia.  The  ball,  being  undeformed.  struck  tlie 
tibia  with  so  little  force  that  it  barely  penetrated  the  skin. 

The  reaction  of  infection  in  such  wounds  makes  a  diagnosis  on 
physical  examination  difficult  and  indicates  i  ;uliogra])hy. 
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Shrapnel — Plate  130. 

lower  extremity. 
Gunshot  Wound  of  the  Leg,  with  Lodgment  of  the  Missile. 

The  leg  lay  Avitli  its  posterior  surface  next  to  the  photographic 
plate.  The  enlarged  shadow  of  the  ball  and  the  l)lnrred  outlines  of 
the  metal  fragments  require  them  to  be  some  distance  from  the  plate 
and  therefore  on  the  anterior  surface  of  the  tibia. 

The  impact  has  been  from  within  outward  with  so  little  energy 
that  the  ball  only  touched  the  internal  border  of  the  tibia  and  lodged 
beneath  the  skin. 

AVithout  the  reaction  of  inflammation  and  infection,  diagnosis 
could  be  nuide  by  palpation,  but  extensive  swelling  indicates  radi- 
ography. 
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2i>4 


SlIRAPN  KL Pl.A'lK    1  37. 


LOWER   EXTREMITY. 

Gunshot  Fracture  of  the  Tibia  and  Fibula. 

The  fibular  side  of  the  leg  lay  next  to  the  plate,  as  the  distinct  and 
not  exaggerated  outlines  of  the  fibula  can  be  seen  in  the  dense  shadow 
of  the  tibia.  The  wound,  as  indicated  by  the  callous  tissue,  is  shown 
in  a  state  of  repair,  after  the  larger  detached  fraguients  of  the  frac- 
ture had  been  removed.  The  Avound  was  caused  bv  a  missile  carrvinjj 
considerable  energy.  The  suiall  })articles  of  metal  marking  the  course 
of  the  missile  show  it  was  a  shrapnel  ball. 
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SiiHAPNKL- -Pla'ii:  1?>S. 

LOWER   EXTREMITY. 

Gunshot  Fracture  of  the  Right  Tibia  and  Fibula. 

This  plate  shows  a  tyi~)e  of  ayouikI  caused  by  a  iiumher  of  frafrments 
of  a  shi'a})nel  ball  or  other  similar  missile.  The  missik»  was  cleforme<l 
by  a  near-by  ricochet,  from  which  large  and  small  fragments  struck 
simultaneously  and  distributed  themselves  ovei'  a  lar<zv  aiva.  Tlu' 
larger"  fragments  carried  enough  energy  to  fracture  the  boue  by  trans- 
mitting all  of  tlieir  energy  in  lodgment  and  by  |)()ssil)ly  breaking  up 
into  smaller  fragments. 

In  this  case  the  energy  of  the  missile  Avas  transmitted  to  the  tibiu, 
with  fracture  and  great  fragmentation  of  the  bone.  The  fracture  of 
the  tibia  was  secondary,  resulting  from  indirect  violence,  due  to  the 
loss  of  the  support  of  the  tibia. 
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SnuAi'N  ML — Platk  139. 

LOWER   EXTREMITY. 

Gunshot  Fracture  of  the  Right  Tibia  and  Fibula. 

The  course  of  the  missile  was  from  within  outward  and  from  l)efore 
backward,  striking  both  the  fibuhi  and  the  tibia,  with  fragmentation 
I      and  (lis]ihicement  of  both  bones. 

I  The  fibuhi  lay  next  to  the  phite,  as  indicated  b}'  its  distinct  normal 

shadow  and  tlie  exaggerated  outline  of  the  internal  malleolus. 

The  trail  of  metal  fragments  is  typical  of  a  shrapnel  ball  with  the 
energy  of  high  shrapnel  velocity,  but  any  lead  missile  without  a  pro- 
tective jacket,  under  like  conditions,  might  have  produced  the  same 
effect. 

The  treatment  is  conservative  imtil  some  ]^ositive  iiidi(  atinn  aris- 
ing in  the  course  of  an  infection  directs  interference. 
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SnuAi'NFj. — ]*L\  ri;  140. 

LOWER   EXTREMITY. 

Gunshot  Fracture  of  the  Left  Tibia  and  Fibula,  with  Lodgment  of  the  Missile. 

As  the  heel  lay  on  the  plate  it  is  easy  to  identify  tlio  tihia  and 
fihnla  of  the  left  leg. 

The  course  of  the  ball  from  the  internal  mailer)! us  aoross  to  the 
lower  end  of  the  tibia  and  fibula  is  well  marked  l)y  the  trail  of  metal 
particles  left  by  the  contact  of  the  ball  Avith  the  bones.  The  indis- 
tinctness of  the  shadows  of  the  lead  particles  and  of  the  ball  and  the 
very  slight  enlargement  of  the  ball  indicates  a  contact  with  the 
anterior  surface  of  the  tibia  and  of  the  fibula  with  lodgment  of  tlie 
ball  beneath  the  skin  at  the  anterior  border  of  the  lower  end  of  the 
fibula.  The  remaining  energy  of  the  missile  was  almost  entirely 
spent  on  the  til)ia,  causing  a  long  o])lique  fracture,  so  that  the  contact 
with  the  fibula  resulted  in  a  crack  only,  without  the  sepaiation  of  a 
fragment. 

The  treatment  in  such  cases  is  conservative,  with  the  subsequent 
removal  of  the  ball  from  its  superficial  location. 
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Shrapnel — Platk  141. 


LOWER    EXTREMITY. 


Gunshot  Fracture  of  the  Left  Tibia,  with  Lodgment  of  the  Missile. 

The  course  of  the  hall  was  fi'oin  Avithout  and  behind.  raJiiriniT  np- 
ward  and  inAvard,  striking  the  tihia  on  the  outer  horder.  and  causing 
a  splitting  fracture  without  displacement  of  fragments.  The  missile 
was  most  prohably  deformed  by  ricochet  before  it  struck  the  bone, 
as  there  is  too  little  bone  injury  to  account  for  the  spattering  and 
wide  distribution  of  the  fragments  by  the  direct  impact  of  an  unde- 
formed  ball.  Tavo  metallic  fragments  lying  over  the  fibula  wi're 
probably  additional  missiles  detached  from  the  ball  as  it  ricocheted 
near  the  wound. 

The  treatment  in  such  cases  would  be  conserx  ati\e.  whih'  meeting 
the  indications,  of  infection. 
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Shrapnel — Plate  142. 


LOWER   EXTREMITY. 


Gunshot  Fracture  of  the  Left  Fibula,  with  Lodgment  of  the  Missile. 

This  plate  furnishes  another  example  of  the  fra fomentation  of  a 
shrapnel  ball  by  ricochet  on  a  near-by  object  before  striking  the 
body. 

A  slight  fracture  of  the  fibula  is  seen  (at  the  top  of  the  plate)  with 
the  lodgment  of  multiple  missiles  over  a  wide  area,  without  other 
injury  to  the  bones. 

The  fragments  seen  through  the  shadow  of  the  til)ia  lie  nearer  the 
plate  than  the  smaller  fragments  on  the  fibula.  As  the  largest  frag- 
ment, lying  below,  shows  a  much  enlarged  semicircular  outline,  its 
position  is  not  close  to  the  plate  and  it  must  lie  superficially  on  the 
inner  side  of  the  leg. 
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SlIKArNKI. 1*I,A  I  K     14o. 

LOWER    EXTREMITY. 

Gunshot  Fracture  of  the  Ri^ht  Fihula. 

This  plate  shows  the  right  leg.  because  the  calf  always  rests  on  the 
plate  in  the  absence  of  a  contraindication,  which  does  not  occur  in 
this  case,  and  because  the  slight  angle  of  approach  of  the  tibia  and 
fibula  identifies  the  relation  of  the  lower  end  of  these  bones. 

The  nature  of  the  fracture,  without  much  fragmentation  and  with 
no  displacements  of  fragments,  indicates  a  slight  striking  energy  of 
the  missile,  which  was  disintegrated  by  ricochet  before  striking  thi- 
bone. 

The  fragments  of  a  shrapnel  ball,  spattered  on  a  near-by  object, 
struck  the  leg  in  front  over  a  wide  area,  as  indicated  by  the  frag- 
ments lying  over  the  tibia  and  smaller  ones  lying  on  the  inside  of 
the  bone.  The  larger  metal  fragment,  on  the  fibula,  is  some  distance 
from  the  plate,  and  probably  lies  in  front  of  the  bone,  while  the 
smaller  ones,  seen  in  sharper  outline,  lie  behind. 
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Siii;ai'ni:l-  Plaik   1  14. 

lower  extremity. 
Gunshot  Fracture  of  the  Left  Fibula. 

This  is  another  example  of  the  condition,  shown  in  plate  14:^,  in 
which  a  shrapnel  ball  or  similar  missile  is  disintegrated  by  ricochet 
before  aifecting  the  wound. 

By  comparison  of  the  shadows  of  the  missiles  with  the  shadows  of 
the  portion  of  the  localizing  wire  lying  nearer  the  plate  (shown  more 
deeply  and  distinctly),  and  with  the  portion  lying  in  front  of  the 
leg.  it  can  be  concluded  that  the  fragments  lie  superficially  in  fiont 
of  the  bones. 

A  slight  fissure  fracture  of  the  fibula  may  be  seen  iu  the  up])er 
portion  of  the  plate. 
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SiiKAi'NKr. — Plaii:  145. 

LOWER  EXTREMITY. 

Gunshot  Fracture  of  the  Fibula,  with  Lodj^mcnt  of  the  Missile. 

The  fibular  side  of  the  leg  lay  next  to  the  plate. 

The  sharp  outline,  great  density,  and  normal  size  of  the  shadow 
of  the  shrapnel  ball  shows  the  ball  almost  in  contact  with  the  plnte. 

The  metallic  particles  marking  the  contact  of  the  b:dl  and  the 
fibula,  at  the  seat  of  a  diagonal  fracture,  without  displacement  of 
fragments,  are  shown  so  distinctly  that  they  must  also  l)e  near  tlie 
plate. 

The  course  of  the  ball,  therefore,  was  from  without,  ranging  inwaid 
and  upward  with  the  slight  energy  of  long  (shrapnel)  range.  Tlie 
ball  lies  on  the  fibular  side  superficially,  just  in  front  of  the  fibula. 
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Shrapnel — Plate  146. 

lower  extremity. 
Gunshot  Fracture  of  the  Right  Fibula. 

The  plate  exposed  with  the  tibial  side  down  shows  the  wound  in 
the  course  of  treatment,  with  a  drainage  tube  in  position  after  the 
detached  fragments  of  several  inches  of  the  fibula  have  been  removed 
on  account  of  infection.  Several  fragments  of  the  missile  are  shown 
on  the  lower  fragment  of  the  fibula. 

Conservative  treatment  is  evident  and  good  results  should  follow. 
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SuHArMiL — l*F>A'n:   III. 

LOWER  EXTREMITY. 

Gunshot  Wound  of  the  Lower  End  of  the  Right  Fibula. 

As  the  heel  lay  next  to  the  photographic  plate,  tlie  right  ankle  is 
easily  identified.  The  clear  shadows  of  even  the  very  small  metallic 
particles  show  them  also  next  to  the  plate  and,  therefore,  on  the 
posterior  surface  of  the  external  malleolus,  Avhere  a  shrapnel  ball  at 
extremely  low  velocity  struck  and  produced  a  slight  fracture,  or 
more  of  a  fissure,  without  separation  of  fragment. 

The  joint  mortise  is  intact,  as  the  line  of  fracture  does  not  extend  to 
the  articular  surface. 

The  shi-apnel  ball  in  such  cases  Avcudd  lie  just  beneath  the  skin  oi- 
escape  through  an  adjacent  wound. 
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Shrapnel — Plate  148. 


LOWER    EXTREMITY. 

Gunshot  (Pott's)  Fracture  of  the  Left  Ankle. 

As  the  heel  lies  next  to  the  plate,  the  left  ankle  is  easily  identified. 

The  course  of  the  missile  is  shown  by  a  metallic  track  from  the 
internal  to  the  external  malleolus,  and  by  a  point  of  greater  contact 
with  the  internal  malleolus  at  the  upper  border  of  its  articulation 
with  the  astra^ulus,  resulting  in  an  oblique  fracture,  separating  the 
tip  of  the  external  malleolus. 

At  the  point  of  first  impact  the  posterior  faciculus  of  the  internal 
lateral  ligament  was  severed.  The  missile  therefore  passed  directly 
through  the  ankle  joint,  entering  just  behind  the  tip  of  the  external 
malleolus,  coursing  over  the  posterior  poi'tion  of  the  superior  tibial 
articulation  of  the  astragalus  in  front  of  the  tendo  Achillis  to  strike 
the  upper  articular  surface  of  the  external  malleolus,  with  the  result- 
ing fracture.  By  this  mechanism,  the  joint  mortise  has  been  widened 
b}^  outAvard  displacement  of  the  external  malleolus,  while  the  rup- 
ture of  the  internal  lateral  ligament  permitted  the  outward  rotation 
of  the  astragulus,  thus  producing  rather  faithfully,  by  direct  violence, 
a  condition  which  might  be  called  a  "simulated  Pott's  fracture"  of 
the  first  degree. 

By  the  metallic  path  of  the  missile  it  is  known  that  its  soft  metal 
mass  was  not  protected  by  a  hard  metal  jacket;  by  the  slight  damage 
done  to  the  bone,  which  lay  directly  in  its  path,  its  velocity  and  conse- 
quent energy  are  revealed  as  very  slight ;  by  the  absence  of  larger 
metallic  fragments  it  is  shown  that  the  missile  was  not  deformed  nor 
robbed  of  its  energy  through  ricochet;  and  as  only  these  conditions 
can  be  furnished  by  a  lead  ball,  undeformed  and  timrling  at  l(nv 
velocity,  the  missile  was  a  shrapnel  ball. 
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Shrapnei. — Plati.  149. 

lower  extremity. 
Multiple  Gunshot  Wound  of  the  Leg. 

This  plate  exhibits  the  characteristic  marking  of  the  metal  particles 
of  a  shrapnel  ball  scraped  off  by  contact  with  the  bone,  showing  the 
course  of  the  ball  in  relation  to  the  bone. 

The  evidence  that  two  shi'apnol  balls  struck  the  til)ia  without  caus- 
ing a  fracture  indicates  that  the  velocity  of  shrapnel  l)alls  is,  some- 
times at  least,  very  low  and  that  this  low  velocity  may  occur  at  a 
comparatively  short  range  from  the  point  where  the  shrapnel  balls 
arc  discharged  from  the  chamber  oi*  near  the  apex  of  the  **  cone  of 
dispersion."  Such  multiple  wounds  are  caused  before  the  balls  have 
been  so  widely  dispersed  as  when  they  arrive  at  the  base  of  the 
*'  cone  of  dispersion.'' 
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SiiiiArxKL — Plate  150. 

LOWER   EXTREMITY. 

Gunshot  Fracture  of  the  left  Astragalus,  with  Lodgment  of  the  Missile. 

The  external  border  of  the  foot  lay  next  to  the  plate,  as  is  shown 
by  the  articulation  of  the  ciil)oid. 

A  fragment  detached  from  the  ]~)osteri()r  inferioi'  l)<)i-der  of  the 
astragalus  and  several  small  metal  particles  lying  behind  the  frag- 
ment are  in  evidence. 

The  enlarged  shadow  of  the  ball  indicates  that  it  does  not  li«'  close 
to  the  plate,  and  it  must  then  lie  at  least  as  far  away  as  the  internal 
surface  of  the  calcaneus  and  at  a  depth  from  the  sole  that  can  be 
measured  on  the  plate. 
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Shrapnel — Plate  151. 

lower  extremity. 
Gunshot  Fracture  of  Left  Calcaneus. 

The  fibular  side  lay  next  to  the  plate,  as  shown  by  the  shadow  of 
the  fibula  and  the  calcanco-ciiboid  articulation. 

As  the  metallic  particles,  showing  the  j^ath  of  the  missile,  appear 
to  be  next  to  the  plate,  the  course  of  the  missile  was  from  the  external 
border  of  the  tendo  Achillis  diagonally  downward  and  forward, 
causing  only  a  slight  fissure  of  the  calcaneus.  A  missile,  to  have  done 
so  little  damage  and  to  have  left  a  metallic  track  showing  its  contact 
with  the  bone,  must  have  been  un jacketed  and  of  low  velocity,  and 
therefore  a  shrapnel  ball. 
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Shrapnel — Plate  15*2. 

lower  extremity. 
Gunshot  Wound  of  the  Heel,  with  Lodgment  of  the  Missile. 

The  tibial  side  of  the  foot  hiy  next  to  the  photograi)hic  plate. 

The  normal  size,  great  density,  and  sharp  outline  of  the  shadow 
of  the  shrapnel  ball  show  that  it  lay  also  close  to  the  jdate  and  al)out 
an  inch  below  the  inside  of  the  body  of  the  calcaneifs.  No  metallic 
particles  mark  the  track  of  the  ball  in  this  case,  because  the  course 
was  parallel  to  the  inner  surface  of  the  bursa  without  forceful,  or 
perhaps  any,  contact  with  the  bursa,  and  passing  through  soft  tissue, 
only. 
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Shrapnel — I^late  153. 

lower  extremity. 
Gunshot  \yound  of  the  Heel,  with  Lodgment  of  the  Missile. 

That  the  inner  border  of  the  foot  lay  next  to  the  i)hite  is  shown  hy 
the  articuhition  between  astragahis.  scaphoid,  internal  cuneiform,  and 
first  metatarsal. 

The  metallic  particles  show  the  course  of  the  ball  from  the  poste- 
rior calcaneo-astragaloid  li«:ament  to  below  the  anterior  inferior 
border  of  the  calcaneus. 

As  the  shadow  of  the  ball  is  enlarged  and  the  shadow  of  the  frag- 
ments l)lurred,  their  position  is  not  near  the  plate  and  their  location 
is  therefore  on  the  external  plane  of  the  calcaneus,  with  the  ball  lying 
I      near  the  sole. 
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Shrapnel — Plate  154. 


LOWER   EXTREMITY. 

Gunshot  Wound  of  the  Foot. 

The  plate  shows,  in  the  wound  of  entrance,  the  metal  particles 
deposited  by  a  shiapnel  hall  which  passed  out  of  the  sole  of  the  foot 
without  daniaire  to  the  bone. 

The  missile  carried  some  small  i)arti('les  of  lead,  almo>t  wholly 
detached  by  a  ricochet  before  sti'ikinir  the  foot,  which  were  scraped 
off  as  it  passed  through  the  skin. 

The  wound  was  infected,  and  radiography  was  indicated  for  diag- 
nosis. 
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Shrapnel — Plate  155. 

lower  extremity. 
Gunshot  Wound  of  the  Foot. 

Tho  sole  of  the  foot  lay  next  to  the  plate. 

AA'hile  the  very  clear,  sharp  outlines  of  the  metal  frapnents  would 
seem  to  show  them  very  near  the  plate  and  conse(|uently  at  the  platen 
side  of  the  tarsus,  the  foot  is  not  of  sufficient  thickness  to  make  a 
very  appreciable  difference  between  shadows  of  such  fragments  on 
the  dorsal  and  on  the  plantar  surfaces  of  the  metatarsus.  It  is  very 
probable  that  the  ball  struck  the  convex,  rather  than  the  concave 
outline  of  the  transverse  arch,  as  the  missile  has  escaped  with  no 
fracture  of  the  bones,  which  Avould  have  been  very  difficult  in  me- 
chanical accomplishment  if  its  course  had  been  along  the  convex 
outline. 

There  is  no  fracture  of  the  bones,  although  a  shrapnel  l)all  has 
passed  transversely  through  the  foot,  striking  the  heads  of  the 
second  and  third  metatarsals  with  only  slight  injury  and  leaving  a 
few  metal  particles  at  points  of  contact. 
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Shrapnel — Plate  156. 


LOWER   EXTREMITY. 


Gunshot  Wound  of  the  Left  Foot  by  Multiple  Missiles,   Fracture  of  the 
Metatarsus,  and  Lodgment  of  the  Missile. 

The  sole  of  the  foot  hiy  next  to  the  plate. 

The  normal  outline  of  the  shadow  of  the  shrapnel  hall  shows  it  to 
lie  near  the  plate  or  at  least  beneath  the  plantar  surface  of  the  first 
metatarsal.  The  fragments  of  metal  lying  near  the  fourth  and  fifth 
metatarsals  lie  either  in  the  same  relation  or  on  the  planter  side  of 
the  metatarsus.  The  metallic  track  leads  to  the  wound  of  exit  of 
shrapnel  ball,  other  than  the  one  lodged. 

Even  though  the  missile  has  escaped,  its  identity  can  be  credit- 
ably established  by  the  one  remaining,  which,  it  is  morally  certain, 
was  the  escaped  missile's  companion.  These  shrapnel  particles 
again  demonstrate  that  the  metal  deposits  seen  in  other  wounds  can 
be  identified  as  particles  of  lead  scrai)ed  otf  from  shrapnel  balls  in 
the  contact  of  the  latter  ^^  ith  bones. 
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OPERATIVE   INTERFERENCE   IN   GUNSHOT   WOUNDS. 

In  the  l,r)00  radiograph  phites  from  which  this  collection  was 
selected,  only  four  were  found  showing  operative  interference  for  the 
lepair  of  fractures. 

While  no  data  are  avaihible  fiom  which  to  determine  accurately 
the  ratio  of  these  operations  to  the  entire  number  of  fracture  cases 
under  treatment,  and  as,  most  certainly,  there  were  some  formal 
j'.mputations,  excisions,  immediate  immohilization  of  fractures,  and 
other  operative  procedures  which  were  not  sul)mitted  to  radiography. 
it  may  nevertheless  be  justly  inferred  from  this  radiographic  evi- 
dence that  very  few  such  opei  ations  were  performed. 


Operations — Plate   157. 


Gunshot  Fracture  of  the  Humerus. 


This  plate  shows  an  attempt  to  wire  a  fracture  of  the  humerus, 
which,  very  probably,  would  have  recovered  as  favorably  without 
interference. 
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Operations — Plate  158. 


Gunshot  Fracture  of  the  Ulna. 


This  p]ate  shows  an  attempt  to  wire  the  uhui  in  u  clean  wound. 
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Plate  159. 
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Operations — Plate  159. 


Gunshot  Fracture  of  the  Radius  and  Ulna. 

This  plate  shows  an  attempt  to  wire  the  radius  and  idna  where  the 
indications  were  rather  doubtful. 
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Operation  s — Pi.a  n:  1 00. 


Gunshot  Fracture  of  the  Tibia  and  Fibula. 

This  plate  shoAvs  an  attempt  at  immediate  imm<)V)ilizatioii  of  the 
fragments  of  the  tihia  which  has  failed  to  meet  the  mechanical 
indications  for  maintaining  correct  position. 
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Operation  s — Plate  101, 


Amputation  at  the  Knee  Joint. 


This  plate  shows  a  satisfactory  i-esiilt  of  a  socondarv  amputation 
at  the  knee,  after  the  method  of  (Jritti,  foUowinj?  a  severe  naval 


shell  wound  of  the  leg. 
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Operations — Platk  162. 


Excision  of  the  Head  of  the  Humerus. 

This  plate  shows  a  case  of  Prof.  De  Page,  of  the  Belgium  Red 
Cross  Mission  at  Tash  Kishla  Hospital,  in  Avhicli  the  head  of  the 
liunierus  was  excised  for  extensive  comminution  of  the  head  of  the 
humerus  with  infection. 
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l*r.\Ti    I  (•.:;. 

Ol'  the  4G  missiles  shown  in  tlu*  illustration,  page  o3<>,  1  to  11 
are  rille  bullets;  15  to  'I'l  are  assorted  fragments:  23  to  43  and  in- 
<'lu(ling  44  are  slirapnel  halls:  4.")  is  an  automatic  pistol  hall,  and 
43  and  4()  jire  the  hase  and  (he  lii-e,  respectively,  of  a  shrapnel  *'  nose '' 
or  head  of  the  T^-millinieter  field  gun. 

Four  rifle  hullets,  three  shrapnel  halls,  and  Nos.  'JO  and  'n  were 
removed  from  Turkish  soldiers  admitted  to  my  service  at  Tash  Kishia 
Hospital  in  Constantinople.  The  remaining  missiles,  excepting  Xo. 
46,  were  removed  from  Bulgarian  soldiers  on  my  service  at  the  Etap 
and  the  Queen's  Hospital  at  Kustendil.  l>ulgaria.  The  missile  shown 
as  No.  46  was  removed  hv  Dr.  Tatarcheti',  the  Buljrarian  surgreon  in 
command  of  a  fixed  hospital  at  Kodemos,  Bulgaria,  from  the  upper 
anterior  thigh  of  a  patient  whose  history  I  have  and  whom  I  .-aw 
and  photographed. 

Of  the  fragments,  Nos.  15  and  17  are  pieces  of  the  nickel  jacket 
of  rifle  bullets;  No.  16  is  the  lead  "core"  of  a  rifle  bullet;  No.  -J-J  is 
a  fragment  of  the  nickel  jacket  of  a  rifle  bullet  which  holds  a  small 
portion  of  the  lead  core;  No.  18  is  a  brass  tube  which  is  carried  in 
the  base  of  a  shell  to  hold  the  detonating  plunger  and  fulminate 
cap;  No.  19  is  a  piece  of  a  foot  plate  or  step  of  a  gun  carriage  or 
caisson ;  No.  20  is  a  shell  fragment,  and  No.  21  is  a  flattened  piece  of 
a  shrapnel  ball. 

Of  the  bullets,  No.  1  is  Bulgarian,  removed  from  a  Bulgarian 
soldier  in  an  operation  for  an  abdominal  wound  accidently  inflicted 
during  the  firing  incident  to  the  celebration  attending  the  announce- 
ment of  peace;  Nos.  G,  10,  11,  and  14  are  of  the  same  caliber  as  the 
Bulgarian  and  were  fired  from  Montenegrin  or  Servian  rifles:  Nos. 
2  and  3,  slightly  smaller  in  caliber  than  all  the  others,  aie  (ireek,  and 
Nos.  4,  5,  7,  8,  9,  12,  and  13  are  Servian,  slightly  larger  than  the 
Greek  and  as  much  smalled  than  the  Bulgarian.  Xo.  1  is  abraided 
at  the  base  by  the  jaws  of  a  forceps  by  which  it  was  removed  from 
the  wing  of  the  ilium  in  which  it  was  firndy  cmbetldeil :  X'^os.  4.  7. 
8,  12,  13,  14  are  deformed  by  ricochet.  No.  5  has  its  nose  slightly 
abraided  by  the  same  cause.  No.  8  shows  the  lead  core  protruding 
from  the  base  of  the  jacket.  X^os.  1,  li,  3,  6,  9,  10,  and  1 1  arc  normal, 
as  they  struck  the  body  by  direct  impact.  Xos.  2  and  3,  which  are 
Greek,  have  the  nickel  jacket  worn  oil'  on  the  apex  so  that  the  lead 
core  is  exposed,  which  produces  a  slight  degi'ee  of  ••dum-duni."  but 
as  they  struck  the  body  at  very  long  range  and  without  hitting  a 
bone,  they  produced  no  '*  dum-duni  "  effect. 

11481°— 16 22  337 


Eight  of  the  shrapnel  balls  were  removed  from  the  forearm  of 
one  Bulgarian  soldier.     (Vide  plate  109.) 

No.  43  was  removed  from  between  the  thoracic  wall  and  the  scapula, 
to  which  position  it  passed  by  destroying  the  outer  half  of  the 
clavicle,  penetrating  6,inches  from  the  surface. 

The  caliher  of  the  missiles. 

Millimeters. 

Greek 6.  50 

Sorviaii T.  00 

Bulgarian 8.00 

Montenegrin 7.  65  and  8.  00 

For  comparison  it  may  be  observed  that  the  United  States  Army 
rifle  bullet  is  7  millimeters,  equal  30  caliber  or  0.30  inch. 

The  caliber  of  shrapnel  balls  varies  somewhat,  as  do  the  weight 
and  density,  but  all  of  them  were  approximately  ^  inch  or  125  milli- 
meters in  diameter. 

The  caliber  of  all  field  guns  (of  modern  type)  in  the  Balkan  wars 
were  75  millimeters,  the  "  soixante-quinze  "  of  the  French,  or  about 
3  inches. 
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